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SUMMARY
T h e re  is a h igh  inc idence  of p e r ip h e ra l  a r te r ia l  d isease  in 
the  West of Scotland  assoc ia ted  with a th e ro sc le ro s is .  This  
may m anifest i tse lf  as in te rm it te n t  c laud ica tion , ischaemic 
r e s t  p a in ,  g a n g re n e  o r  in th e  form of abdominal ao r tic  
a n eu ry sm .
T h ese  p a t ie n ts  h ave  a g re a t ly  in c re a s e d  r i s k  of th rom botic  
e v e n ts  not only  in the  limb a r te r ie s  b u t  also in the  
c o ro n a ry ,  e x t ra c ra n ia l  and  c e re b ra l  v e s se ls .  R ecen tly  th e re  
has  been  in c re a s in g  in te r e s t  in the  co n tr ib u tio n s  of 
th rom bosis  and  haem orheology to a r te r ia l  d isease .  T he aim 
of th is  th e s is  is to in v e s t ig a te  the  role of f ib r in o g e n , f ib r in  
form ation an d  blood rheo logy  in p a t ie n ts  w ith p e r ip h e ra l  
a r te r ia l  d isease .
F ib r inogen  has  ro les  in throm bosis  and  haem orheology: the
convers ion  of f ib r in o g en  to f ib r in  is th e  ce n tra l  ev en t  of 
coagulation  an d  f ib r in o g en  is a de te rm in an t of whole blood 
v isco s ity  th ro u g h  i ts  e ffec ts  on plasma v isco s ity  an d  red  
cell a g g re g a t io n .
F ib rin  is d e g ra d e d  b y  plasmin in to  f ib r in  d eg rad a tio n  
p ro d u c ts .  F ib r in  d e g ra d a t io n  p ro d u c ts  (FD P’s) can now be 
m easured  u s in g  a specific  monoclonal an t ib o d y  to the  
D -dim er of c ro s s - l in k e d  FD P 's . C ro ss- l in k ed  FDP's a re  
th e re fo re  m ark e rs  of in vivo f ib r in  formation and  ly s is .
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Red cell a g g re g a t io n  is th e  major d e te rm in an t of low sh e a r  
blood v iscos ity  an d  can now be m easured  photom etrica lly  b y  
a  new te c h n iq u e .
F ib r in o g e n ,  c ro s s - l in k e d  FDP's a n d  re d  cell a g g re g a t io n  
w ere m easu red  in 115 p a t ie n ts  w ith p e r ip h e ra l  a r te r ia l  
d isease  to g e th e r  w ith  o th e r  blood fa c to rs  of haem ostasis  an d  
blood rh eo lo g y .  M ultivariate  ana ly s is  showed th a t  the  
in c re a se  in plasm a f ib r in o g en  in p a t ie n ts  w ith p e r ip h e ra l  
a r te r ia l  d isease  can be exp la ined  b y  th e  e f fec t of sm oking.
C ro s s - l in k e d  FDP's w ere also in c re a se d  in p e r ip h e ra l
a r te r ia l  d isease  an d  w ere a ssoc ia ted  w ith  th e  f ib r in o g en  
level.  T h is  has  not p re v io u s ly  b een  r e p o r te d  an d  s u g g e s ts  
th a t  th e  in c re a s e d  f ib r in o g en  level may promote f ib r in  
fo rm ation . C ro ss - l in k e d  FDP's in c re a se d  w ith ag e ,  b u t  
w ere  not re la te d  to sm oking h a b i t .  C ro ss - l in k ed  FDP's 
c o r re la te d  w ith  s e v e r i ty  of ischaemia an d  w ere h ig h e s t  in 
p a t ie n ts  w ith  abdominal ao r t ic  a n e u ry sm . C ro ss - l in k e d
FDP's in c re a se d  following r e c o n s t ru c t iv e  v a s c u la r  s u r g e r y  
s u g g e s t in g  in c re a s e d  f ib r in  fo rm ation , w hich , if 
in t r a v a s c u la r , could be de tr im en ta l to th e  p a te n c y  of 
v a scu la r  g r a f t s .  C ro ss - l in k e d  FDP's may be p ro g n o s t ic
m a rk e rs  fo r  s u b s e q u e n t  v a sc u la r  g r a f t  occlusion an d  th is  
p o ss ib il i ty  m erits  f u r t h e r  in v e s t ig a t io n .
Red cell a g g re g a t io n  was also in c re a se d  in p e r ip h e ra l
a r te r ia l  d isease  (no t  p re v io u s ly  r e p o r te d  b y  a pho tom etric  
m e th o d ) .  This  may also be r e la te d  to th e  in c re a se d
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f ib r in o g en  level.  Red cell a g g re g a t io n  was h ig h e r  in 
ischaemic r e s t  pa in  th a n  in in te rm i t te n t  c laud ica tion , and  
was h ig h e s t  in  p a t ie n ts  w ith  abdominal ao r t ic  a n eu ry sm . 
High r e d  cell a g g re g a t io n  was found  in ex  o r  non sm okers 
com pared to c u r r e n t  sm okers .  The rea so n  fo r  th is  is not 
c lea r .
T h is  s tu d y  also confirm ed th e  in c re a se d  levels of plasma 
v isco s i ty ,  w hite  cell count an d  t r ig ly c e r id e  an d  d ec re ase d  
HDL cho les te ro l fo u n d  in p e r ip h e ra l  a r te r ia l  d isease  in o th e r  
s tu d ie s .  Total cho les te ro l was not in c re a s e d  in th is  s tu d y .  
T h e re  has  b een  r e c e n t  in t e r e s t  in th e  rheological p ro p e r t ie s  
of w hite c e l l s . White cell coun t was re la te d  to th e  s e v e r i ty  
of ischaem ia, b e in g  h ig h e s t  in p a t ie n ts  w ith  ischaemic r e s t  
p a in .  White cell coun t and  f ib r in o g en  w ere  also in c re a sed  
b y  c ig a re t te  sm oking . F ib r inogen  an d  white cell coun t a re  
two possib le  mechanisms th ro u g h  which the  e f fec ts  of 
sm oking could lead to p ro g re s s  of p e r ip h e ra l  a r te r ia l  
d isease .
F ib r inogen  is an  acu te  p h ase  rea c t iv e  p ro te in .  The 
cy tok ine  in te r le u k in  - 6 r e g u la te s  h epa t ic  s y n th e s is  of
f ib r in o g en  in th e  acu te  p h a se  r e s p o n s e .  In o rd e r  to a s s e s s  
w h e th e r  in te r le u k in  - 6 r e g u la te s  th e  ra ise d  f ib r in o g en  level 
in p e r ip h e ra l  a r te r ia l  d isea se ,  in te r le u k in  - 6 was m easured  
in  30 p a t ie n ts  an d  found  to be  s ig n if ican tly  in c re a se d  when 
com pared to c o n tro ls .  This  has  not been  p re v io u s ly  
r e p o r te d  an d  is in k e e p in g  w ith  an  inflam m atory p ro c e ss  in 
p e r ip h e ra l  a r te r ia l  d isea se .  In te r le u k in  - 6 was not re la ted
30
k> smoking h a b i t .  Some co rre la tion  betw een  in te r leu k in  - 6 
a n d  f ib r in o g en  was found  in th is  s tu d y .  It is th e re fo re  
possib le  th a t  th e  ra ise d  in te r le u k in  - 6 level may be one 
in d u c e r  of th e  ra is e d  f ib r in o g en  level in p e r ip h e ra l  a r te r ia l  
d isease .
A ctivation  of F ac to r  XII in i t ia tes  th e  in t r in s ic  system  of 
coagulation  w hen blood comes in to  con tac t w ith a non - 
endo the lia l s u r fa c e .  Levels of a c t iv a te d  F ac to r  XII were 
m easured  in 40 p a t ie n ts  w ith p e r ip h e ra l  a r te r ia l  d isease  b y  
a new an d  modified a s s a y  in o rd e r  to a s s e s s  w h e th e r  
a th e ro sc le ro s is  ac ts  as  a " fo re ign"  su r fa c e  in i t ia t in g  the  
in t r in s ic  sy stem  of coagulation . Levels w ere not in c re a sed  
in p a t ie n ts  com pared to c o n tro ls ,  s u g g e s t in g  th a t  
a th e ro sc le ro s is  does no t prom ote th rom bosis  th ro u g h  ac t in g  
as  a fo re ig n  s u r fa c e .
In se r t io n  of ao r t ic  g r a f t s  in 11 p a t ie n ts  tem porar ily  
in c re a se d  ac t iva t ion  of F ac to r  XII, r e tu r n i n g  to base line  
levels a t  one d ay  and  one week a f te r  s u r g e r y .  It is 
possib le  th a t  th e  g r a f t  su r fa c e  is rap id ly  coated with a 
cond ition ing  la y e r  an d  no longe r  ac ts  as a fo re ign  s u r fa c e  
a t  one day .
A s h o r t  te rm  in c re a se  in f ib r in o g e n ,  re d  cell a g g re g a t io n  
a n d  white cell coun t following r e c o n s t ru c t iv e  v a s c u la r  
s u r g e r y  was p ro b a b ly  due  to an  acu te  p h ase  re sp o n s e .
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In o rd e r  to a s s e s s  f ib r ino ly tic  a c t iv i ty  in p a t ie n ts  with 
p e r ip h e ra l  a r te r ia l  d isease  p lasm inogen a c t iv a to r  in h ib i to r  
was m easu red  in 100 p a t ie n ts  w ith s tab le  in te rm it te n t  
c laud ica tion . Levels w ere in c re a s e d  in the  p a t ie n ts ,
s u g g e s t in g  def ic ien t  f ib r in o ly s is  in p e r ip h e ra l  a r te r ia l  
d isea se .  This  has  no t p re v io u s ly  been  r e p o r te d .
Von W illebrand f a c to r  is an  e ssen tia l  c o - fac to r  fo r  p la te le t  
adhes ion  an d  h ig h  s h e a r  in d u ced  p la te le t  ag g re g a t io n
following v a s c u la r  in ju ry .  Levels of von Willebrand fa c to r  
w ere m easured  an d  found  to be in c re a se d  in 100 p a t ie n ts  
with in te rm i t te n t  c laud ica tion .
F ac to r  VII is an  im portan t  r i sk  fa c to r  fo r  th e  developm ent 
of ischaemic h e a r t  d isea se .  It was also in c re a sed  in 100
p a t ie n ts  w ith  in te rm i t te n t  c laud ica tion . This  f in d in g  has 
not p re v io u s ly  b een  r e p o r te d ,  an d  may also be re la te d  to 
throm bosis  in th e se  p a t ie n ts .
P lasm inogen a c t iv a to r  in h ib i to r ,  von Willebrand fa c to r ,  and  
fa c to r  VII in t ro d u c e  th re e  possib le  new r is k  fa c to rs  fo r
th rom bosis  in p e r ip h e ra l  a r te r ia l  d isea se ,  an d  p rov ide  
add itional ev idence  of a h y p erco a g u lab le  s ta te  and  defic ien t 
f ib r in o ly s is  in p e r ip h e ra l  a r te r ia l  d isease .
H aving  e s ta b l ish e d  th a t  p a t ie n ts  w ith p e r ip h e ra l  a r te r ia l  
d isease  have  a h y p erco ag u lab le  s ta te  and  abnorm al blood 
rh eo lo g y ,  th e  n e x t  aim of th is  th e s is  was to de term ine  if 
low -dose an t ip la te le t  o r  a n t ico ag u lan t  th e ra p y  would a l te r
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th is .  A double  b l in d ,  p lacebo con tro lled  tr ia l of p a t ie n ts  
with s tab le  in te rm i t te n t  c laudica tion  was p e rfo rm ed . 100 
p a t ie n ts  a t t e n d in g  th e  ou t p a t ie n t  clinic w ere random ised  to 
rece ive  minidose w a r fa r in ,  low -dose a sp ir in  o r  p lacebo fo r  
th r e e  m onths. However th e re  was no s ig n if ican t  a l te ra t io n  
in  th e  h y p e rco a g u lab le  s ta te  o r  abnorm al blood rheo logy  
a f t e r  th r e e  m onths of tre a tm e n t .
While th is  t r ia l  does not exc lude  clinical b e n e f i t  from long 
te rm  p re v e n t io n  of throm botic e v e n t s ,  an  im proved medical 
m anagem ent fo r  a l te r in g  th rom botic  fa c to rs  in p e r ip h e ra l  
a r te r ia l  d isease  is r e q u i r e d .  S u g g es tio n s  fo r  th is  inc lude 
s tu d ie s  of f ish  oil e x t r a c ts  which a re  known to re d u c e  
f ib r in o g en  l e v e l s , in h ib i to rs  of s h e a r  induced  p la te le t  
a g g re g a t io n  an d  in te r le u k in  - 6.
T he  po ten tia l  e f fec ts  of f ib r in o g en  on th rom bosis  th ro u g h  
in c re a s e d  f ib r in  form ation an d  r e d  cell a g g re g a t io n  s u g g e s t  
th e  need  to lower ra ised  f ib r in o g en  levels in p e r ip h e ra l  







T he West of Sco tland  has  a h ig h  inc idence  of ca rd io v a sc u la r  
d isease  (Pocock e t a l. , 1980, see F igu re  1 .1 ) .  P e r ip h e ra l  
v a s c u la r  d isease  may m anifest i tse lf  as in te rm it te n t  
c laud ica tion , ischaemic r e s t  p a in ,  g a n g re n e  o r  in th e  form 
of a n e u ry sm . T he  commonest cause  is a th e ro sc le ro s is .  
While th e  v a s c u la r  su rg e o n  may see most of th e  e ffec ts  of 
a th e ro sc le ro s is  in th e  limb a r t e r i e s ,  it  is p a r t  of a d if fuse  
c a rd io v a s c u la r  d is e a s e .T h is  may a ffec t th e  management of 
th e  p e r ip h e ra l  a r te r ia l  d isease .
A rte r io sc le ro s is  is a generic  name in t ro d u c e d  b y  Lobste in  
(L o b s te in ,  1829) to d e sc r ib e  th ic k e n in g  an d  in d u ra t io n  of 
th e  a r t e r y .  I t  is no t a specific  pathological e n t i ty  b u t  
clinically  in c lu d es  a therom a, M onckeberg  s s c le ro s is ,  and  
th e  d e g e n e ra t iv e  ch an g e s  in  a r te r ie s  assoc ia ted  w ith age .  
T hese  o ften  o ccu r  to g e th e r ,  p a r t i c u la r ly  in th e  lower limb 
a r te r ie s  (McKeown, 1965).
The te rm  a th e ro sc le ro s is  r e f e r r i n g  to the  ty p e  of 
a r te r io s c le ro s is  a f fe c t in g  the  intimal coat of the  a r t e r y  was 
coined in 1904 b y  M archand , a p a tho log is t  from Leipzig 
(Leibowitz, 1970). Im proved medical ca re  an d  s ta n d a rd  of 
l iv ing  th is  c e n tu r y  have  c o n t r ib u te d  to a lo n g e r  life 
e x p e c ta n c y .  An in c re a se  in th e  e ld e r ly  popu la tion ,  
to g e th e r  w ith con tin u ed  a d v e r s e  sm oking h ab i ts  an d  d ie ta ry  
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p r e s e n t in g  w ith  th e  clinical m anifesta tions  of a th e ro sc le ro t ic  
p e r ip h e ra l  a r te r ia l  d isease .
P e r ip h e ra l  v a s c u la r  d isea se ,  how ever ,  has  been  reco g n ised  
as  a clinical e n t i ty  s ince  an c ien t  tim es. T h e re  a re  a g re a t  
many d e sc r ip t io n s  a n d  re c o rd in g s  found  in th e  l i te r a tu r e .
While it is p ro b a b le  th a t  many in s ta n c e s  of g a n g re n e  in 
an c ien t  times w ere due to traum a o r  e rgo tism , (e rg o t  
p o ison ing  from in fec ted  r y e ;  th is  a p p e a re d  in epidemic form 
in E urope  from Roman times to th e  Middle A g es ) ,  Leonardo  
da  Vinci i l lu s t ra te d  the  a r te r ie s  of a su b jec t  w ith senile 
a r te r io s c le ro s is  in one of h is  anatomical sk e tc h e s  ( Reid & 
Pollock, 1978).
H ippocra tes  d e sc r ib e d  g a n g re n e  following trau m a ,  an d  noted  
a line of dem arcation  be tw een  liv ing  and  dead  t i s s u e .  
Am putation was perfo rm ed  fo r  g a n g re n e ,  b u t  in the  
H ippocra tic  code it  was c o n s id e re d  d an g e ro u s  to cu t 
th ro u g h  liv ing  an d  sen s it iv e  t i s su e  because  the  r e s u l t in g  
pain  cau sed  collapse and  d e a th  (Reid & Pollock 1978).
As well as  p e r ip h e ra l  ischaemia an d  g a n g re n e ,  a r te r ia l  
an eu ry sm s  h ave  fe a tu re d  in h is to r ica l  l i t e r a tu r e .  The 
commonest cause  of a n eu ry sm  is a therom a, a l th o u g h  in th e  
p a s t  syph ilis  an d  false  a n eu ry sm  formation w ere more 
common th a n  to d a y .  A nty llus  d e sc r ib e d  an eu ry sm  in th e  
second  c e n tu r y  A .D . d u r in g  th e  ru le  of Em peror Ju lia n ,  
w hen th e  Roman Empire was a t  its  h e ig h t  (E a s tc o t t ,  1982).
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G alen, a n o th e r  Roman, h av in g  completed his medical 
t r a in in g  in  A lexand ria  took u p  h is  p o s t  as su rg e o n  to th e  
school of g la d ia to rs  in his na t ive  tow n, Pergam os in Asia 
Minor. He rec o g n ise d  one of the  most c h a ra c te r i s t ic  
f e a tu re s  of a n e u ry sm  - pu lsa t ion  (Major, 1954). His 
a p t i tu d e  fo r  clinical o b se rv a tio n  in te r e s te d  him more than  
s u rg ic a l  t r e a tm e n t .
A etu is  of Amida was an  e a r ly  B yzan tine  an d  one of the  
e a r l ie s t  head  an d  n eck  s u rg e o n s .  He also t r e a te d  an eu ry sm  
of the  b rach ia l  a r t e r y ,  ga in ing  proxim al con tro l an d  then  
inc is ing  th e  sac  an d  lig a tin g  th e  an eu ry sm  (E r ic k se n ,  
1844). Ia tro g e n ic  b rach ia l  a r t e r y  a n eu ry sm s  w ere not 
uncommon in th o se  times as  the  p ra c t ic e  of b lood le t t ing  was 
widely c a r r ie d  o u t .
More r e c e n t ly  in 1761, William H u n te r ,  a Scot and  e ld e r  
b r o th e r  of John  H u n te r ,  gave th e  name to an d  d e sc r ib e d  
fo u r  in s ta n c e s  of a r te r io v e n o u s  an eu ry sm  caused  by  
a t tem p ted  ph lebo tom y (H u n te r ,  1761).
D efinitions:
Intermittent claudication is pain  in the  muscles of the  lower 
limb on w alk ing  re l iev ed  b y  r e s t .  E xerc ise  is always 
r e q u i r e d  b e fo re  it  a p p e a r s .  In te rm it te n t  c laudica tion  is 
cau sed  b y  im paired  flow of a r te r ia l  blood to th e  m u sc le s . 
T he  pain  c lass ica lly  o ccu rs  in th e  calf m u sc le s ; it may 
e x te n d  to th e  th ig h  o r  b u t to c k  when v a s c u la r  lesions 
involve the  ao r to - i l ia c  segm en t.
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Ischaemic rest pain is pain  in th e  d is ta l  p a r t  of the  
ex tre m ity  due  to s e v e re  ischaemia w here  the  blood su p p ly  
a n d  o xygen  d e l iv e ry  a re  not su ff ic ien t  to meet th e  need s  of 
th e  t i s s u e s  a t  r e s t .  I t  is p r e s e n t  a t  r e s t  an d  is p a r t ly  
re l iev ed  b y  d e p e n d e n c y .  (D ep en d en cy  how ever leads to 
oedema w hich may in c re a se  dev ita lisa tion  of th e  sk in  
r e s u l t in g  in  t i s s u e  n e c ro s is ,  u lce ra t ion  an d  g a n g re n e ) .
Gangrene is n ec ro s is  w ith p u tre fa c t io n  - d igest ion  of dead  
t is s u e  b y  s a p ro p h y t ic  o rg a n ism s .
An aneurysm is a localised d ila ta tion  of the  a r t e r y .  The 
wall of th e  t r u e  a n eu ry sm  is composed of com ponents of the  
a r te r ia l  wall. T he n a tu ra l  h is to ry  is c h a ra c te r i se d  b y  
e x p an s io n .  A neurysm s d if fe r  from ec tas ia  w hich is 
g en e ra l is e d  d ila ta t ion  of the  v esse l .
Evolution of the Current Status of Surgery for Peripheral 
Arterial D isease.
While in th e  p a s t  th e r e  was no e ffec tive  medical o r  su rg ica l  
t r e a tm e n t ,  many ischaemic limbs can now be sa lvaged  by  
r e c o n s t ru c t iv e  v a s c u la r  s u r g e r y  (g iv in g  much sa tis fac tio n  to 
the  p a t ie n t  an d  s u rg e o n )  w ith  r e s to ra t io n  of fu n c t io n ,  re lie f  
of ischaemic r e s t  pa in  an d  r e s to r e d  v iab ili ty .  C u r re n t ly  
re c o n s t ru c t iv e  v a sc u la r  s u r g e r y  is pe rfo rm ed  fo r  th re e  
g ro u p s  of p a t ie n ts :  p a t ie n ts  w ith in te rm it te n t  c laud ica tion ,
p a t ie n ts  w ith s e v e re  ischaemia r e q u i r in g  limb sa lvage  and  
p a t ie n ts  w ith a n e u ry sm .
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In the  p a s t  am puta tion  was perfo rm ed  fo r  g a n g re n e :  in the
5th  C e n tu ry  B .C .  am putation  was recom mended to be 
pe rfo rm ed  th ro u g h  dev i ta l ised  t is su e  w here  v esse ls  w ere 
th rom bosed  an d  would no t b leed  (R an g  e t a l.  , 1981).
By th e  1st C e n tu ry  A .D . Aulus Cornelius perfo rm ed  
am puta tions  a t  th e  line of dem arcation  be tw een  h ea l th y  and  
g a n g re n o u s  t i s s u e .  He s ta te d  "some of th e  sound  p a r t  be 
cu t  aw ay th a n  a n y  of th e  d iseased  p a r t  be left beh ind"  
(H a rv e y ,  1929).
By 100 A .D . A rch ig en es  advoca ted  p r im ary  ligation  of 
v e s se ls  proxim al to th e  level of g a n g re n e  (B eas ley ,  1982), 
m aking p r e p a r a to r y  l ig a tu re  of vesse ls  be fo re  am puta tion  of 
th e  d is ta l  limb.
Ambroise P are  also u s e d  ligation of v e sse ls  fo r  am putation  
in  th e  s ix te e n th  c e n tu r y .  P a re  was a m ilitary s u rg e o n  and  
reco g n ise d  th e  im portance of th e  level of am putation  with 
r e g a r d  to su c c e s s fu l  p ro s th e t ic  limb f i t t in g .  He d e sc r ib e d  
th e  f i r s t  rev is iona l am putation  of an  o ff ice r 's  leg th a t  had 
been  sho t off b y  a m usket ball b eca u se  the  healed  s tum p 
was too long fo r  u se fu l  fu n c tio n  w ith  an  artif ic ia l  limb. 
Even a f t e r  P a re ,  ligation of vesse ls  fo r  am putation  was not 
g en e ra l ly  acc ep ted  because  of de layed  h aem o rrh ag e .  This  
was p re su m ab ly  due  to in fec tion  o r  b ecau se  l ig a tu re s  were 
not p ro p e r ly  app lied  (Reid & Pollock, 1978).
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The f i r s t  d e sc r ip t io n s  in English  of th e  use  of l ig a tu re s  in 
am puta tion  s u r g e r y  w ere  b y  William Clowes and  P e te r  Lowe 
in 1596 (C low es, 1596; Lowe, 1596). Lowe fo u n d ed  the  
F acu l ty  of P h y s ic ia n s  an d  S u rgeons  of Glasgow an d  was in 
P a r is  w hen P are  was an  old man. He most p ro b a b ly  knew  
him.
John  H u n te r  l iga ted  the  femoral a r t e r y  in th e  t rea tm e n t of a 
pop litea l a r t e r y  an eu ry sm  in 1785 (E a s tc o t t ,  1966; R ains ,  
1966). Animal s tu d ie s  had  led him to place th e  l ig a tu re  
above th e  anastom otica  magna a r t e r y ,  to aid  in the  
th rom bosis  of th e  a n e u ry sm ,  an d  to confine it  to th e  sac .
R e c o n s tru c t iv e  v a s c u la r  s u r g e r y  is a v e r y  re c e n t  a d v an c e .  
T he  experim en ta l  w ork of C a rre l  in th e  e a r ly  y e a r s  of th is  
c e n tu r y  did  not lead to immediate clinical su ccess  b u t  
te chn ica l  o b se rv a t io n s  w ere  re c o rd e d  which a re  s till 
p e r t i n e n t  to d a y  (C a r re l ,  1908). M urphy  (1897) s u tu r e d  an 
a r t e r y  to g e th e r  b y  en d  to en d  anastom osis  in 1897. Goyanes 
in  Madrid in s e r t e d  poplitea l vein  to b r id g e  th e  d efec t a f te r  
ex c is in g  a pop litea l an eu ry sm  (G oyanes ,  1906), and  in 1912 
L ex e r  re p a i r e d  an  ax i l la ry  a r t e r y  an eu ry sm  with vein  g ra f t  
(L e x e r ,  1913). J H ogarth  P r in g le  su c c e ss fu l ly  t r e a te d  a 
b rach ia l  a r t e r y  occlusion an d  poplitea l a r t e r y  an eu ry sm  
u s in g  vein  g r a f t  in Glasgow Royal In f irm ary  in 1912 
(P r in g le ,  1913).
40
R e c o n s tru c t iv e  v a s c u la r  s u r g e r y  was g re a t ly  a ided  b y  
a r t e r io g r a p h y ,  in t ro d u c e d  b y  R dos Santos in 1929 (dos 
Santos  et al. , 1929). His son Cid dos Santos in t ro d u c e d  
th ro m b o en d a r te re c to m y  in  1947 (dos  S an to s ,  1947).
A n o th e r  ad v an c e  was th e  in t ro d u c t io n  of b y p a s s  g r a f t s .  
K unlin in t ro d u c e d  th e  b y p a s s  vein  g ra f t  (K unlin ,  1951). 
E as tco tt  a n d  H ufnagel a f te r  World War II found  u n d e n a tu re d  
hom ografts  su c c e ss fu l  in human a o r ta .  F reeze  d r ied  
hom ografts  w ere  u s e d  to rep lace  occluded  segm en ts  in la rge  
a r te r ie s  (E a s tc o t t ,  1953; H ufnagel e t a l . ,  1953). D ubost 
an d  his colleagues in P a ris  su c c e ss fu l ly  in s e r te d  a 
hom ograft fo r  an  abdominal ao r t ic  an eu ry sm  in 1952 (D ubost 
e t  al. , 1952).
Cooley an d  D eB akey , and  G erbode u s e d  hom ograft fo r  
r u p tu r e d  abdominal ao r t ic  an eu ry sm  (D eB akey & Cooley, 
1953; G erbode ,  1954). However hom ografts  had  
d isap p o in t in g  long  te rm  r e s u l t s  due  to d ila ta t ion .
T he most r e c e n t  major adv an ce  in r e c o n s t ru c t iv e  v a s c u la r  
s u r g e r y  has  been  th e  in t ro d u c t io n  of p ro s th e t ic  material fo r  
a r te r ia l  g r a f t s .  V oorhees in t ro d u c e d  Vinyl N Cloth in 1952 
(V oorhees  e t  al. , 1952). T h is  was followed b y  Nylon,
Teflon an d  D acron . Dacron is now a material of choice in 
th e  wide b o re ,  h igh-flow  s i tu a t io n  (Cooley, 1985). Many 
modifications in g r a f t  techno logy  have  been  app lied  to 
im prove long te rm  p a te n c y .  T hese  inc lude  close k n i t ted  
D acron , a low in te rn a l  ve lou r  an d  h igh  e x te rn a l  v e lo u r ,  a
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s t r e n g th e n e d  sk e le to n  an d  gela tin  sea lan t (Wu e t  a l.  , 1985; 
Guidoin e t  al. , 1986; Reid & Pollock, 1991;).  T h e re  has
b een  a p ro g re s s iv e  red u c t io n  in ope ra t iv e  m orta li ty  in 
r e c o n s t ru c t iv e  v a s c u la r  s u r g e r y  an d  th is  will remain the  
m a ins tay  of s u rg ic a l  t r e a tm e n t .  In se lec ted  c a se s ,  
p e rc u ta n e o u s  i n t r a - a r t e r i a l  an g io p la s ty ,  an d  more re c e n t ly  
la se r  a s s is te d  an g io p la s ty  an d  in t r a - a r t e r i a l  th rom boly tic  
th e ra p y  o ffe r  th e  p a t ie n t  an  im proved a r te r ia l  c ircu la t ion  
and  c a r r y  a lower m orta li ty  th a n  conventional s u r g e r y  
(F e rg u s o n  e t  a l . ,  1986).
PATHOLOGY OF ATHEROSCLEROSIS
Definition
A therom a is d e r iv e d  from th e  G reek  "a th e re "  which means 
p o r r id g e .  T he  lesions of a therom a cons is t  of p laq u es  of 
intimal th ic k e n in g  of th e  wall of a r te r ie s  due  mainly to 
accum ulation of l ip id s ,  p ro li fe ra tio n  of smooth muscle cells 
an d  form ation of f ib ro u s  t i s s u e .
Pathology
The f a t t y  s t r e a k  is the  ea r l ie s t  lesion , commonly found  in 
c h i ld re n .  It is a p a tc h  of intimal th ic k e n in g ,  a lipid r ich  
lesion c o n s is t in g  of m acrophages  and  smooth muscle cells 
(McGill, 1968). F a t ty  s t r e a k s  a re  found  in e a r ly  life a t 
similar anatomical s i te s  as a therom atous  p laques  in o lder  
ages  (L e a ry ,  1941; R ob er tso n  e t  a l . ,  1963). The role of 
th e  f a t ty  s t r e a k  in a th e ro sc le ro s is  is u n c e r ta in  because
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popu la tion  s tu d ie s  have  shown some to be re v e rs ib le
( B e r r y ,  1989).
The  f ib ro u s  p laq u e  of ad v an c ed  a th e ro sc le ro s is  is made up  
of in c re a se d  intimal smooth muscle cells s u r ro u n d e d  by  
connec tive  t i s s u e  m atrix  an d  con ta in ing  variab le  am ounts  of 
in t ra c e l lu la r  a n d  e x tra c e l lu la r  lipid (R oss ,  1986). At the 
lumen of th e  a r t e r y  th is  p laque  is g en e ra lly  cove red  b y  a 
d en se  f ib ro u s  cap of smooth muscle an d  connec tive  t i s su e .  
B en ea th  the  f ib ro u s  cap a re  smooth muscle cells and  
m acrophages  w hich contain  lipid d ro p le t s ,  s u r ro u n d e d  by
connec tive  t i s s u e  (R o ss ,  1986). When lipid is a b u n d a n t  
and  th e  f ib ro u s  la y e r  is th in ,  u lce ra t io n  may o ccu r  (L indop , 
1985). Mural th rom bus  is th e n  likely  to be depos ited  on 
th e  s u r fa c e  of the  u lc e r .  It is common to ge t deposit ion  of 
calcium sa lts  in the  p laque  (R o ss ,  1986); occasionally  bone 
form ation is s een  (Reid  & Pollock, 1978). T h in n in g  of the  
media an d  in some in s ta n c e s  ex ten s io n  of p laques  into the
media can w eaken th e  a r te r ia l  w all: th is  may lead to
an eu ry sm  form ation (L indop , 1985).
Microscopy
In the  ea r ly  s ta g e s  of a therom a th e re  is accum ulation of 
lipid in p ro l i fe ra te d  sp ind le  cells .  T hese  sp ind le  cells a re  
shown by  e lec tron  m icroscopy to be smooth muscle cells 
ly ing  in th e  intima. T h ey  a re  d e r iv e d  b y  p ro life ra tion  and  
m igration of smooth muscle cells from th e  media (L indop ,
1985). Laminae of connec tive  t is su e  a p p e a r  betw een lipid 
r ich  smooth muscle cells in the  sub en d o th e l ia l  intima and
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form the  f ib ro u s  p a r t  of the lesion. T hen  a rea s  of necros is  
in th e  d e e p e r  p a r t  of th e  lesion o ccu r  r e s u l t in g  in a 
s t r u c tu r e le s s  accum ulation  of l ip id s ,  t is su e  d e b r is ,  a l te re d  
blood an d  n ec ro s is  w hich e x te n d s  in to  o v e r ly in g  f ib ro u s  
t i s s u e .  Calcium deposit ion  may be seen .  T h e re  is an
in f i l t ra t io n  of n e u t ro p h i l  leucocy tes  an d  o th e r  inflamm atory 
cells .  L ip id - laden  m acrophages  (foam cells) may a p p e a r  
a ro u n d  lipid  dep o s its  an d  u su a lly  conta in  c ry s ta l s  of
cho les te ro l .  T he in te rn a l  e last ic  lamina is d i s ru p te d
re s u l t in g  in lipid  depos it ion ,  n ec ro s is  an d  f ib ro s is  e x te n d in g  
in to  th e  ad jacen t  media. T he media deep  to th e  p laque  is 
th in  an d  a t ro p h ic .  Small blood vesse ls  grow into th e  p laque  
from the  v asa  vasorum  in th e  media an d  sometimes from th e  
intimal su r fa c e  (L indop , 1985).
Atheroma o f ten  develops f i r s t  a ro u n d  the  o r ig ins  of the  
in te rc o s ta l  an d  lum bar b ra n c h e s  in th e  a o r ta .  In the  legs 
a therom a is o ften  se v e re  r e s u l t in g  in a p ro g re s s iv e
dim inution of th e  blood su p p ly  an d  p e r ip h e ra l  ischaemia.
When co lla te ra l blood su p p ly  becomes in a d eq u a te  the  
ischaemia may be  su ff ic ie n tly  s e v e re  to cause  g a n g re n e  (see  
Plate 1 ) .  When th e  a r te r ie s  of legs am puta ted  fo r  g a n g re n e  
a re  exam ined th e y  u su a lly  show n a r ro w in g  o r  ob li te ra t ion  
an d  calcification of th e  major a r t e r i e s .
T he  a r te r ie s  s u p p ly in g  the  u p p e r  limbs may also be a ffec ted  
by  a therom a an d  occlusion of v e sse ls  in the  arm s may be
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Plate 1 Critical leg ischaemia with gangrene.
d e te c te d  on ro u t in e  clinical exam ination in some p a t ie n ts  
p r e s e n t in g  w ith  o th e r  symptoms of p e r ip h e ra l  v a sc u la r  
d isea se .  The u p p e r  limb has  an  exce llen t collateral blood 
s u p p ly  an d  is not e x e r te d  in th e  same way as th e  lower 
limb; th is  may exp la in  w hy few p a t ie n ts  w ith p e r ip h e ra l  
v a s c u la r  d isease  p r e s e n t  w ith u p p e r  limb symptom s.
Complications
Complications of a therom a a re  occlusive th ro m b o s is , 
h a e m o rrh ag e ,  u lce ra tio n  or  r u p t u r e ,  an eu ry sm  and  
embolism.
O cclusive th rom bosis  is the  commonest complication. This  
may be  p re c e d e d  b y  haem orrhage  in to  a p la q u e ,  which 
in c re a se s  th e  am ount of luminal n a rro w in g ; p laque  
u lc e ra t io n ,  o r  p laq u e  r u p tu r e  (Davies & Thom as, 1985). In 
th e  a o r ta  complications of a therom a a re  an eu ry sm  formation 
as  well as th rom bosis  an d  embolism.
AETIOLOGY OF ATHEROSCLEROSIS
A lthough  th e  p a th o g en es is  of a th e ro sc le ro s is  rem ains u n c lea r  
many r e c e n t  o b se rv a t io n s  have  ind ica ted  new a re a s  fo r  
r e s e a rc h .  T hese  have  c e n t re d  a ro u n d  l ip id s ,  p la te le ts ,  
smooth muscle cells ,  m onocytes, f ib r in o g en  and  blood 
rh e o lo g y .
45
Lipids and  A th e ro sc le ro s is
C hronica lly  e lev a ted  levels of cho les te ro l,  especia lly  th a t  
c a r r ie d  b y  low d e n s i ty  lipopro te in  (LDL) an d  v e ry  low 
d e n s i ty  l ipopro te in  (VLDL), have  b een  assoc ia ted  with 
in c re a sed  a th e ro sc le ro s is  in epidemiological s tu d ie s  (Inkeles  
& E ise n b e rg ,  1981). In c o n t ra s t ,  h igh  d e n s i ty  lipopro te in  
(HDL) is co n s id e red  to be a p ro tec t iv e  fa c to r  in 
a th e ro sc le ro s is  ( Inke les  & E ise n b e rg ,  1981). Clinical t r ia ls  
have  s u g g e s te d  th a t  it is beneficial to lower plasma LDL 
levels s ince  a d e c re ase  in cho lestero l c o r re la te s  with a
red u c t io n  in the  clinical sequelae  of a th e ro sc le ro s is  
( T hom pson , 1987) .
More th a n  93% of bod y  cho lestero l is located in the  cells ,  
while a b o u t 7% of bod y  cho lestero l is in plasma (Brow n & 
G oldste in , 1981). All th e  cho lestero l in plasma is con ta ined  
w ithin  l ipopro te in  p a r t i c le s .  Brown an d  G oldstein  o b se rv e d  
th a t  cells con ta in  specif ic  su r fa c e  r e c e p to rs  fo r  LDL. When 
cells r e q u i r e  cho les te ro l fo r  the  s y n th e s is  of new 
m em b ran es , bile ac ids  o r  s te ro id  h o rm o n es , plasma LDL 
b in d s  to r e c e p to r s .  It is tak en  in to  the  cell and  is
d e g ra d e d ,  p ro v id in g  cho lestero l cell metabolism.
Brown an d  G oldstein in th e i r  s tu d y  of homozygous familial 
h ypercho les te ro laem ia ,  p ro p o sed  th a t  the  num ber of LDL
re c e p to r s  d isp layed  by  a cell va r ie s  with th e  need of a cell
fo r  cho les te ro l.  This  p ro te c ts  the  cell a g a in s t  excess  
cho les te ro l.  When the  num ber  of LDL re c e p to rs  is 
d e c re a se d  th e re  is a red u c t io n  in the  removal of LDL from
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the c ircu la t ion  an d  a co n seq u en t  in c re a se  in the plasma 
LDL. T h e y  have  shown in familial hypercho les te ro laem ia  
th a t  th e re  is a defic iency  of LDL re c e p to r s  w ith a 
c o n se q u e n t  r is e  in plasma LDL levels .  However th is  does 
no t exp la in  how hypercho les te ro laem ia  leads to 
a th e ro sc le ro s is  (Brow n & G oldste in , 1986).
I t  is possib le  th a t  h y p ercho les te ro laem ia  may induce  a su b t le  
form of endo thelia l  cell in ju ry .  H ypercho lestero laem ia a l te r s  
the  cell membrane cho lestero l:  phospho lip id  ra t io .  This
might d ec re a se  the  malleability of th e  endothe lia l cells a t  
th e  b ra n c h e s  an d  b ifu rc a t io n s  w here  th e y  may be damaged 
b y  ch an g es  in blood flow (Jack so n  & Gotto, 1976). 
H ypercho lestero laem ia  also r e s u l t s  in in c re a se d  monocyte 
a d h e re n c e  to th e  endothe lia l cells (F agg io tto  e t  al. , 1984), 
p o ss ib ly  followed b y  re lease  of in te r le u k in s  an d  g row th  
f a c t o r s .
Platelets and Atherosclerosis
Endothelial cells norm ally  p r e v e n t  p la te le t  a d h e re n c e  b y  
th e i r  e le c t ro -n e g a t iv e  ch a rg e  an d  b y  th e i r  capac ity  to form 
an t i th rom bo tic  su b s ta n c e s  s u ch  as p ro s tacy c l in  ( R o ss ,
1986). P la te le ts  conta in  a t  le as t  two mitogenic s u b s ta n c e s  - 
epiderm al g ro w th  fa c to r  and  p la te le t  d e r iv e d  g row th  fac to r  
(PDGF) (Oka & O r th ,  1983; Ross e t  al. , 1974).
PDGF is p ro d u c e d  b y  m egakaryocy te s  a n d  is s to re d  in 
p la te le ts  (R o ss ,  1986; Kaplan e t a l . ,  1979). Growth fac to rs  
a re  also p ro d u c e d  b y  m onocytes, m acrophages ,  endothelia l
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cells and  smooth muscle cells (R o ss ,  1986). PDGF is 
re le a se d  d u r in g  p la te le t  a g g re g a t io n  following th e  adhes ion  
of p la te le ts  to subendo the lium  an d  collagen. It has  a h igh  
a f f in i ty  fo r  smooth muscle cells an d  f ib ro b la s ts  and  causes  
p ro l i fe ra t io n  of th e s e  c e l l s . It does not have  a h ig h
a f f in i ty  fo r  endothelium  (Bow en-Pope & R oss , 1982). PDGF 
is  mitogenic an d  chem otactic (G ro te n d o rs t  e t a l. , 1982;
Senior et al. , 1985). This  could perm it PDGF to b ind  to 
connec tive  t i s s u e  a t  the  s ite  of endo the lia l cell damage and  
a t t r a c t  smooth muscle cells to m igrate  from th e  media in to  
th e  intima an d  p ro l i fe ra te  (G ro te n d o rs t  e t  al. , 1982).
Smooth Muscle Cells and Atherosclerosis
I t  is g en e ra lly  acc ep ted  th a t  th e  m igration  of smooth muscle 
cells from th e  a r te r ia l  media in to  th e  intima is re sp o n s ib le  
fo r  the developm ent of a th e ro sc le ro s is .  Smooth muscle cells 
have  r e c e p to r s  fo r  LDL and  PDGF (Witte & Cornicelli ,  1980; 
Bow en-Pope e t  al. , 1985). T h ey  can re sp o n d  to a num ber 
of chem otactic  fa c to rs  which p ro b a b ly  exp la ins  th e i r
accum ulation  in  th e  a th e ro sc le ro t ic  lesion. Smooth muscle
cells can also accum ulate  lipid an d  can take  on the
a p p e a ra n c e  of foam cells (R o ss ,  1986).
Monocytes, Macrophages and Atherosclerosis
Subendo the lia l  m igration an d  localisation of monocytes a re  
th e  ea r l ie s t  e v e n ts  in f a t ty  s t r e a k  formation an d  th u s  in 
a th e ro g e n e s is  (Mazzone e t a l . ,  1983). One of the  ea r l ie s t  
ce l lu la r  in te ra c t io n s  in hypercho les te ro laem ia  is the  
a t tach m en t of m onocytes to endo thelia l cells (Faggio to  et
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a l . ,  1984). The monocyte is known to be th e  so u rce  of th e  
m acrophage (Van F u r th ,  1982). In th e  intima, m acrophages  
w hich p o sse ss  a h ig h  a f f in i ty  r e c e p to r  fo r  ace ty la ted  LDL 
ac t iv e ly  p h ag o cy to se  th e se  molecules and  th is  r e s u l t s  in 
in t ra c e l lu la r  accum ulation of s ign if ican t am ounts  of 
cho les te ro l e s t e r s  (G oldste in  e t  al. , 1979). Lipid d ro p le ts  
a p p e a r  in th e  cytoplasm  of m acrophages  an d  change  th e i r  
m orphology. T hese  modified m acrophages  a re  the  major 
so u rce  of foam cells (S c h a f fn e r  et al. , 1980). Morphological 
d is t in c tio n  be tw een  monocyte an d  smooth muscle cell d e r iv e d  
foam cells is d if f icu lt .
M acrophages also s e c re te  a mitogen th a t  is similar if not 
iden tica l to PDGF which stim ulates  smooth muscle cell 
p ro li fe ra t io n  (Shimokado e t  al. , 1985).
Fibrinogen and Fibrin and Atherosclerosis
The role of f ib r in  in th e  aetio logy and  developm ent of 
a th e ro sc le ro s is  was f i r s t  p ro p o sed  b y  R o k itan sk y .  Carl 
R o k itan sk y  was b o rn  in K o n eg sg ra tz  in 1804. He s tu d ie d  in 
P ra g u e  and  V ienna and  became P ro fe s so r  of Pathological 
Anatomy in 1844 in  V ienna. In 1852 he p ro p o sed  th a t  
deposition  of f ib r in  in the  a r te r ia l  wall in i t ia ted  the  
a therom atous  p ro c e s s .  He s ta te d  th a t  " th e  d epos it  is an  
ind ig en o u s  p ro d u c t  d e r iv e d  from the  blood and  fo r  th e  most 
p a r t  from the  f ib r in "  (R o k itan k y ,  1852).
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In th e  1940s D uguid  d em o n stra ted  th e  p re s e n c e  of f ib r in  on 
an d  in p la q u e s ,  an d  p o s tu la te d  th a t  it  was a major fa c to r  in 
p laq u e  g ro w th  (D u g u id ,  1946; D uguid , 1948). More 
r e c e n t ly  f ib r in o g en  an d  f ib r in  have  b een  shown to be 
p r e s e n t  in  all f ib ro u s  a therom atous  p laques  (Smith e t  a l. ,
1978). Smith e t  a l. (1990a) r e p o r te d  th a t  the  c h a ra c te r  of 
f ib r in  fo u n d  in  p laq u es  s u g g e s ts  th a t  f ib r in  is invo lved  in 
th e  developmenl of a th e ro sc le ro t ic  lesions. T hey  m easured  
f ib r in o g en  an d  a ra n g e  of f rag m en ts  mainly d e r iv ed  from 
c ro s s - l in k e d  f ib r in  in a th e ro sc le ro t ic  p la q u e s .  The d e g re e  of 
c ro s s - l in k a g e  of f ib r in  and  th e  to ta l q u a n t i ty  of f ib r in  
d e g ra d a t io n  p ro d u c ts  re le a sed  from his to logically  e a r ly  
a th e ro sc le ro t ic  lesions w ere h ig h e r  th a n  in la te  lesions o r  in 
normal intima. T h e y  s u g g e s te d  th a t  th e  f rag m e n ts  may be 
a th e ro g e n ic  (Smith e t  a l . ,  1990a). F ib rinogen  may p lay  a 
f u r t h e r  role in a th e ro sc le ro s is  b y  i ts  rheological e f fec t ,  
in c re a s in g  plasma v isco s ity  an d  re d  cell a g g re g a t io n .
Blood Rheology and Atherosclerosis
T he o b se rv a t io n s  th a t  a th e ro sc le ro t ic  p laques  tend  to o ccu r  
in re la tion  to th e  o r ig in s  of b ra n c h e s  ( e . g .  i n t e r c o s t a l s ) , 
b ifu rc a t io n s  ( e . g .  a o r ta ,  caro tid  a r t e r y )  and  b e n d s  of major 
a r te r ie s  ( s u c h  as th e  a d d u c to r  o pen ing  of the  superf ic ia l  
femoral a r t e r y )  h ave  led to the  h y p o th e s is  th a t  a l te ra t io n s  
in flow a t  th e se  s ites  p o te n t ia te  the  developm ent of 
a th e ro sc le ro s is  (Glagov e t al. , 1989). Haemodynamic fac to rs  
which may be re sp o n s ib le  fo r  th is  localisation inc lude low 
flow velocity  an d  re d u c e d  wall s h e a r  s t r e s s ,  in c re a sed  flow 
velocity  and  in c re a sed  wall s h e a r  s t r e s s ,  and  flow
50
s ep a ra t io n  ( tu r b u l e n c e ) .  (C ornh ill  & Roach, 1976; F ry ,  
1973; Caro e t a l. , 1971; Wesolowski e t al. , 1965).
A th e ro sc le ro tic  p la q u es  a re  found  localised to low flow, low 
s h e a r  a r e a s ,  w hich can promote in c re a se d  re d  cell 
a g g re g a t io n  a n d  blood v isco s i ty ,  p a r t i c u la r ly  w hen in c re a sed  
levels  of f ib r in o g en  an d  haem atocrit  ex is t  (Lowe, 1987a). 
Blood cells an d  ce llu la r  a g g re g a te s  accum ulate in th e se  
a re a s  of low s h e a r ,  r e -c i r c u la t in g  flow (Goldsmith & K arino, 
1982). T he long  dwell times of a c t iv a ted  p la te le ts  and  white 
cells shou ld  prom ote th e i r  in te rac t io n  with endothelium  
(Lowe, 1987a). In c rea sed  levels  of f ib r in o g en  and  
haem atocrit  prom ote p la te le t  a g g re g a t io n  in whole blood 
(Lowe, 1987a). The se lec tive  deposition  of f ib r in o g en  and  
f ib r in  in d eve lop ing  a r te r ia l  lesions (Smith e t  al. , 1978) may 
be  a n o th e r  mechanism b y  w hich in c re a se d  f ib r in o g en  levels 
could promote a r te r ia l  d isease .
T he  rheological p ro p e r t ie s  of the  monocytes may also be 
re le v a n t  to th e i r  p ro p o sed  involvem ent in a th e r o g e n e s i s : 
monocytes a re  th e  most ad h es iv e  and  least deform able ty p e  
of c i rc u la t in g  w hite  cell (Lowe, 1987a).
H ence, f ib r in g o en  an d  rheological abnorm alit ies  of the  blood 
may also have  a s ign if ican t role in the  developm ent of 
a th e r o s c le r o s i s .
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EPIDEMIOLOGY OF PERIPHERAL ARTERIAL DISEASE
Epidemiology s tu d ie s  th e  e x te n t ,  d is t r ib u t io n  an d  causes  of 
d isease  in p o p u la tio n s .  The epidemiology of a th e ro sc le ro s is  
h as  dea lt mainly w ith  ischaemic h e a r t  d isease  an d  s t ro k e ,  
how ever  th e re  is in c re a s in g  in te r e s t  in the  epidemiology of 
p e r ip h e ra l  v a s c u la r  d isease  (Fow kes, 1988; Dorm andy e t 
a l . ,  1989).
P a tien ts  w ith in te rm i t te n t  c laudica tion  a re  up  to fo u r  times 
more likely  to have  c o ro n a ry  a r t e r y  d isea se ,  (Reid et a l . ,  
1966; H ughson  et a l . ,  1978) and  abou t one half  will die 
from a h e a r t  a t ta c k  (Widmer e t  al. , 1981). Likewise p a t ien ts  
w ith  c o ro n a ry  a r t e r y  d isease  have  a t  leas t  a five times 
in c re a se  in r i s k  of deve lop ing  in te rm it te n t  c laudication  
(R eu n an e n  e t  a l . ,  1982; D aw ber, 1980). T hese  f ind ings  
r e f le c t  th e  d iffu se  n a tu re  of a th e ro sc le ro s is .
Epidemiological r e s e a r c h  into p e r ip h e ra l  a r te r ia l  d isease  has  
c o n c e n tra te d  on symptom atic p a t ie n ts  with in te rm it te n t  
c laud ica tion , how ever s tu d ie s  in the  USA and  Europe 
s u g g e s t  th a t  s e v e re  asym ptom atic d isease  is common and  
th a t  a t  least  10% of the  o lder  popula tion  has  a major 
d is ru p t io n  to p e r ip h e ra l  blood flow b y  th e  age of 60 y e a rs  
(C r iq u i  e t a l . ,  1985; Schroll & M unck, 1981; Widmer e t a l . ,  
1964; Fowkes, p e rso n a l  com munication).
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The te rm  r i s k  fa c to r  e x p re s s e s  the  o b se rv ed  re la t io n sh ip  
with  d isease .  R isk  fac to rs  a re  assoc ia t ions ,  and  cannot 
n e c e s s a r i ly  be  iden tif ied  as  causal f a c t o r s ; th e y  remain a 
t a r g e t  fo r  modification in in te rv e n t io n  s tu d ie s .  In the 
p a th o g e n e s is  of a th e ro sc le ro s is ,  in ju ry  to the  endothelium , 
f ib r in o g e n ,  l ip id s ,  blood p la te le ts ,  smooth muscle cells and  
monocyte m acrophages  have b een  shown to be po ten tia l  
m echan ism s. R isk  fa c to rs  may a ffec t some of th e se  
m echan ism s.
Fowkes in an  epidemiological rev iew  of th e  aetio logy  of 
p e r ip h e ra l  a th e ro sc le ro s is  s ta te d  th a t  c ig a re t te  smoking is 
an  in d e p e n d e n t  fa c to r  g r e a t e r  th a n  a n y  o th e r  r isk  fa c to r ,  
an d  it is a more im portan t aetiological va r iab le  in p e r ip h e ra l  
a r te r ia l  d isease  th a n  in ischaemic h e a r t  d isease  (Fow kes, 
1988). Smoking is assoc ia ted  with in c re ased  c i rc u la t in g  
f ib r in o g en  co n ce n tra t io n ,  blood v isco s ity ,  white blood cell 
coun t an d  haem atoc ri t .  Fowkes also r e p o r te d  th a t  serum  
tr ig ly c e r id e  level an d  d iabe tes  mellitus a re  im portan t r isk  
fa c to rs  fo r  p e r ip h e ra l  a r te r ia l  d isease ,  b u t  th a t  
h y p e r te n s io n  and  serum  cho lestero l level ( im portan t  in 
c e re b ro v a s c u la r  an d  ischaemic h e a r t  d isease )  have  a less  
im portan t role in p e r ip h e ra l  a r te r ia l  d isease .
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( Conventional Ris k  Factors
Conventional r i s k  fac to rs  a re  sm oking, h y p e r te n s io n ,
d ie ta ry  f a t ,  d iabe tes  mellitus, ag e ,  s ex ,  lack of phys ica l 
ac t iv i ty  an d  blood g ro u p .
Smoking
V ascu la r  s u rg e o n s  have  long been  aw are of the  a d v e rse  
e f fec ts  of c ig a re t te  sm oking. More th a n  90% of p a t ie n ts  
a t t e n d in g  hosp ita l  w ith in te rm it ten t  c laudica tion  have a 
h is to ry  of sm oking (L o rd ,  1965). In the  Framingham s tu d y
(a  p ro sp e c t iv e  epidemiological s tu d y  c a r r ie d  out in
Fram ingham , M assa ch u se tts ,  USA) c ig a re t te  smoking and  
d iab e tes  mellitus w ere  the  most im portan t r isk  fac to rs  fo r  
deve lop ing  in te rm i t te n t  c laudication (G ordon & Kannel, 
1972). Smoking was found  to be a more im portan t 
aetiological va r iab le  in p e r ip h e ra l  a r te r ia l  d isease  th an  in 
ischaemic h e a r t  d isease  (D aw ber,  1980).
Hypertension
H y p er ten s io n  is known to be a major r isk  fac to r  for 
c e re b ro v a sc u la r  d isease  (G ordon & K annel, 1972). While 
most epidemiological s tu d ie s  have  shown th a t  ra ised  blood
p r e s s u r e  is a possib le  r is k  fac to r  fo r  p e r ip h e ra l  a r te r ia l  
d isease  a causal assoc ia tion  has not been confirmed
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(Fow kes, 1989). The common o ccu rren c e  of sev e re  
a th e ro sc le ro s is  in norm otensive  ind iv iduals  ind ica te s  th a t  
h y p e r te n s io n  may p o te n tia te  o r  enhance  a th e ro sc le ro s is  
r a t h e r  than  be e ssen tia l  fo r  i ts  o c c u rre n c e .
Lipids and Dietary Fat
In ges tion  of a d ie t  r ich  in animal fa t  leads to an  a l te ra t io n  
in  the serum  lip ids .  In popula tions  who eat a lot of animal 
fa t  th e re  is a h igh  inc idence of myocardial in fa rc t ion  (K ey s ,
1980). A red u c t io n  in serum  cho lestero l level in 
hy p ercho les te ro laem ic  su b jec ts  leads to red u c t io n  in the  
inc idence of s u b s e q u e n t  myocardial in fa rc t io n  a n d  th e  
b en e f i t  is p ro p o r t io n a l  to th e  d ec re ase  in serum  cholestero l 
( T hom pson , 1987).
At le as t  20 s tu d ie s  have  exam ined the  re la t io n sh ip  be tw een  
blood cho lestero l con cen tra t io n  and  p e r ip h e ra l  a r te r ia l  
d isea se :  a c o n s is te n t  p ic tu re  has  not em erged  (Fow kes,
1988). Serum t r ig ly c e r id e  levels have  been  found to be 
h ig h e r  in p e r ip h e ra l  a r te r ia l  d isease  th a n  in con tro ls  b u t  an 
in d e p e n d e n t  e f fec t of t r ig ly c e r id e  has  not b een  shown s ince 
t r ig ly c e r id e  co n ce n tra t io n s  a re  in v e rs e ly  re la ted  to h igh  
d e n s i ty  l ipopro te in  (HDL) cho leste ro l.  It would be 
n e c e s s a ry  to show th a t  t r ig ly c e r id e  ac ts  in d e p e n d e n tly  of 
HDL and  o th e r  fa c to rs  (Fow kes, 1989; Hulley e t a l . ,  1980).
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Diabetes and Insulin
Ischaem ic g a n g re n e  may be th e  complaint which rev ea ls  the  
p re s e n c e  of d ia b e te s  mellitus. In an  a u to p sy  s tu d y ,  Bell 
found  th a t  a r te r io s c le ro t ic  g a n g re n e  was 40 times more 
f r e q u e n t  in d iabe tic s  th a n  in non d iabetics  an d  more common 
in  female th a n  in male d iabe tics  (Bell, 1950).
A ra ised  casual blood glucose co n cen tra t io n  in the  
Fram ingham  s tu d y  was more closely re la te d  to develop ing  
in te rm i t te n t  c laud ica tion  th a n  h e a r t  d isease  an d  h ad  an 
in d e p e n d e n t  e f fec t  w hen o th e r  r i s k  fa c to rs  were taken  into 
accoun t (K annel & McGhee, 1984). However, Fowkes 
concludes  th a t  more ev idence  is r e q u i re d  to de term ine  
w h e th e r  an  im paired  glucose to le rance  is a r i s k  fac to r  in 
th e  g en e ra l  popu la tion  (Fow kes, 1988).
In su lin  could have  an  aetiological role in a th e r o g e n e s i s . 
In su lin  s tim ulates  th e  m igration (Nakao e t al. , 1985) and
pro life ra t io n  (Pfeifle et a l . ,  1980; Pfeifle & D itsch u n e i t ,
1981) of a r te r ia l  smooth muscle cells in v i t ro  b y  in te rac t io n  
with membrane r e c e p to r s  (Pfeifle & D itsch u n e i t ,  1983).
T h re e  epidemiological s tu d ie s  have  r e p o r te d  a co r re la t io n ,  
a p p a re n t ly  in d e p e n d e n t  of o th e r  r i s k  f a c to r s ,  be tw een  
plasma insu lin  co n cen tra t io n  an d  th e  o c c u rre n c e  of co ro n a ry  
a r t e r y  d isease  (D ucim etiere et a l . ,  1980; P yora la ,  1979; 
Welborn & W earne, 1979).
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F ib rinogen  an d  fa c to r  VII coagu lan t a c t iv i ty  levels have 
b een  shown to  be s ign if ican tly  h ig h e r  in d iabe tic s  th a n  
con tro ls  (Meade, 1987a). In ad d it io n ,  b o th  w ere h ig h e r  in 
d iabe tic s  w ith ev idence  of m icroang iopa thy  (Meade, 1987a). 
The ra ise d  plasm a f ib r in o g en  concen tra t ion  found  in 
d iabe tic s  may p a r t l y  exp la in  th e i r  in c re a se s  in r e d  cell 
a g g re g a t io n  an d  plasma v isco s ity  (M acRury & Lowe, 1990)
Age and Sex
In c re a s in g  age  is p ro b ab ly  th e  most pow erfu l p re d ic to r  of 
th e  r i s k  of ischaemic h e a r t  d isease  (Meade, 1987a). 
Likewise, symptomatic p e r ip h e ra l  a r te r ia l  d isease  is 
commonest in th e  s e v e n th  and  e ig h th  d eca d es .  F ib r in o g en ,  
fa c to r  VII coagu lan t a c t iv i ty  and  fa c to r  VIIIc in c re a se  with 
age  in b o th  men a n d  women (Meade & N o rth ,  1977), and  
th e re  is a d ec re a se  in th e  f ib r ino ly tic  a c t iv i ty  with age 
w hich is more m arked  in men th an  in women (Meade e t a l . ,
1979).
Physical Activity
Morris r e p o r te d  a lower inc idence of ischaemic h e a r t  d isease  
in people who a re  p h y s ica l ly  ac tive  (M orris e t a l . ,  1980). 
He found a h ig h e r  inc idence of ischaemic h e a r t  d isease  in 
London b u s  d r iv e r s  com pared to b u s  c o n d u c to rs  (M orris et 
al. , 1966). R ecen tly  R oseng ren  e t  al. (1990) r e p o r te d  th a t  
men with a low score  fo r  phys ica l  a c t iv i ty  had a 
s ig n if ican tly  h ig h e r  plasma f ib r in o g en  level th an  men with a 
h igh  sco re .
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Blood Group
In a p ro s p e c t iv e  s tu d y  of 7662 men (Whincup e t  al. , 1990) 
th e  inc idence  of ischaemic h e a r t  d isease  was h ig h e r  in those  
w ith blood g ro u p  A th a n  in those  with o th e r  blood g ro u p s  
( re la t iv e  r i s k  1 .21, 95% confidence limit 1.01 to 1 .4 6 ) .
Plasma c o n ce n tra t io n  of fac to r  VIIIc is also s ign if ican tly  
a ffec ted  b y  blood g ro u p .  Sub jec ts  with blood g ro u p  A o r B 
have  on a v e ra g e  8% more fac to r  VIIIc than  su b jec ts  with 
blood g ro u p  O (P re s to n  & B a r r ,  1964). The h ig h e r  plasma 
fa c to r  VIII an d  serum  cho lestero l con cen tra t io n s  in people 
with blood g ro u p  A than  in those  with blood g ro u p  O could 
summate, and  c o n t r ib u te  to a g r e a te r  a th e ro g en ic  po ten tia l  
(B oulton , 1990).
Fibrinogen as a Risk Factor for Arterial Disease
As p re v io u s ly  n o te d ,  epidemiological r e s e a rc h  has 
co n c e n tra te d  on c o ro n a ry  a r t e r y  d isease  an d  s t ro k e .  Most 
s tu d ie s  on p e r ip h e ra l  a r te r ia l  d isease  have been  an a d ju n c t  
to s tu d ie s  on co ro n a ry  a r t e r y  d isease .  F u r th e rm o re ,  
epidemiological s tu d ie s  in p e r ip h e ra l  a r te r ia l  d isease  a re  
d iff icu lt  due  to th e  d iffuse  n a tu re  of the  d isease :  some
p a t ie n ts  w ith se v e re  a th e ro sc le ro s is  may be asymptomatic 
an d  o th e rs  may have  less d isease ,  localised a t an  im portan t 
s ite  (D orm andy et al. , 1989).
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Plasma f ib r in o g en  h as  em erged  as a major r i s k  fac to r  fo r  
c o ro n a ry  a r t e r y  d isease .  Four p ro sp ec t iv e  s tu d ie s  have 
r e p o r te d  an  assoc ia tion  betw een h igh  levels of plasma 
f ib r in o g en  an d  an  in c re a se d  r is k  of ischaemic h e a r t  d isease : 
th e se  a re  th e  N orthw ick P a rk  H eart S tu d y  (Meade e t  al. , 
1980, 1986), th e  G oteborg  S tu d y  (Wilhelmsen e t a l . ,  1984), 
th e  Leigh S tu d y  (S tone & T h o rp ,  1985) an d  the  Framingham 
S tu d y  (K annel e t a l. , 1987). All fo u r  p ro sp e c t iv e  s tu d ie s
h ave  found  a s ign if ican t re la t io n sh ip  be tw een  h igh
f ib r in o g en  levels and  ischaemic h e a r t  d isease .  This  
associa tion  is a s t r o n g  one (Meade, 1987b). In  the
G oteborg  s tu d y ,  f ib r in o g en  levels w ere also p re d ic t iv e  of 
s t ro k e  ( Wilhelmensen e t  al. , 1984).
Multiple re g re s s io n  ana lysis  from the  d a ta  of two of th e  fo u r  
p ro s p e c t iv e  s tu d ie s  s t ro n g ly  s u g g e s ts  th a t  a su b s ta n t ia l  
p a r t  of the e f fec t of smoking and  ischaemic h e a r t  d isease  is 
mediated th ro u g h  f ib r in o g en  (Meade, 1987b). T h e re  is
also epidemiological ev idence  th a t  a ra ised  f ib r inogen  level 
is assoc ia ted  with p e r ip h e ra l  a r te r ia l  d isease .  D orm andy et 
a l. (1973a) m easured  plasma f ib r in o g en  in 126 p a t ie n ts  with 
in te rm i t te n t  c laud ica tion . 60% of p a t ie n ts  had  a plasma 
f ib r in o g en  con cen tra t io n  above th e  u p p e r  limit of the  normal 
r a n g e .  D orm andy et al. (1973b) also re p o r te d  the 
p ro g n o s t ic  s ign if icance  of the  initial f ib r inogen  level. T h ey  
p ro sp e c t iv e ly  s tu d ie d  62 p a t ie n ts  w ith u n t r e a te d  in te rm it ten t  
c laud ica tion . T h e re  was a s ign if ican t co rre la tion  between 
th e  initia l f ib r in o g en  level and  s u b se q u e n t  p r o g r e s s .  In 
p a t ie n ts  whose claudication  im proved th e  mean initial plasma
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f ib r in o g en  was similar to co n tro ls ,  w hereas  in p a t ie n ts  who 
d e te r io ra te d  th e  mean initia l plasma f ib r inogen  was almost 
double  the  mean normal.
S tud ies  of in te rm it te n t  c laudication  in the  community 
s u p p o r t  th i s .  Powell e t al u sed  a s ta n d a rd  ex e rc ise  te s t  to 
d e te c t  p e r ip h e ra l  a r te r ia l  d isease  in asymptomatic people . 
T h ey  d em o n s tra ted  th a t  f ib r in o g en  was s ign if ican tly  ra ised  
in th e  su b je c ts  who had asymptomatic p e r ip h e ra l  a r te r ia l  
d isease  an d  asym ptom atic ischaemic h e a r t  d isease ,  compared 
to  d isease  f re e  su b jec ts  (Powell e t a l . ,  1987). F u r th e r  
ev idence  fo r  a role in p e r ip h e ra l  a r te r ia l  d isease  has come 
from th e  g en e ra l  epidemiology of f ib r in o g en : fo u r  r isk
fa c to rs  fo r  p e r ip h e ra l  a r te r ia l  d isease  have in c re a sed  
f ib r in o g en  leve ls .  Levels a re  h ig h e r  in sm okers th a n  
n o n -sm okers  while values  fo r  ex -sm o k ers  a re  in te rm ed ia te  
(Meade e t a l . , 1986; K o rsa n -B e n g s te n  et a l . ,  1972;
Balleisen e t a l . ,  1985; Y arnell e t a l . ,  1983). F ibrinogen  
levels a re  s ign if ican tly  h ig h e r  in d iabetics  th an  
no n -d iab e t ic s  (Meade, 1987a), and  f ib r inogen  level in c re a se s  
with age (Meade, 1987a). H ypertens ion  was s ign if ican tly  
re la te d  to f ib r in o g en  level in the  Framingham s tu d y  (Kannel 
e t  a l . , 1987).
Alcohol consum ption a p p e a rs  to re s u l t  in d ec re ase d  
f ib r in o g en  level (see  Table 1 .1 ) .  It is in t e r e s t in g  th a t  both 
low employment g ra d e  and  in c re a s in g  levels of job
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Table 1.1
Effects of smoking and alcohol consumption on plasma fibrinogen (g/I) 
in men. (After Meade et at 1979)
Test Drinkers Non-drinkers Total
Smokers 2.86 3.03 2.92
Non-smokers 2.63 2.77 2.69
Total 2.75 2.87
d issa tis fac tion  a re  assoc ia ted  with in c re a s in g  levels of 
plasma f ib r in o g en  (Markowe, 1985), so too is poor physica l 
a c t iv i ty  (R o sen g ren  e t  a l . ,  1990).
T he p ro g re s s io n  of symptoms in p a t ien ts  w ith p e r ip h e ra l  
a r te r ia l  d isease  is u su a lly  assoc ia ted  with a th e ro sc le ro s is  
a n d / o r  th rom bosis .  In c rea sed  f ib r in o g en  levels could p lay  
an  im portan t role in th e se  p ro c e s s e s :  b y  a r te r ia l  wall
deposition  of wall f ib r in (o g e n )  (Smith e t  al. , 1990a), due to 
i ts  in fluence  in the  coagulation system , and  also as a 
d e te rm in a n t of plasma and  whole blood v isco s ity .
THE ROLE OF BLOOD RHEOLOGY AND FIBRINOGEN IN 
PERIPHERAL ARTERIAL DISEASE.
Introduction
T h e re  is still a lack of know ledge abou t th e  aetio logy and  
developm ent of p e r ip h e ra l  a th e ro sc le ro s is .  Many 
in v e s t ig a to rs  have  exam ined th e  role of cholestero l and  
o th e r  l ip id s ,  and  also cellu lar a sp e c ts  focus ing  on 
endothe lium , a r te r ia l  smooth muscle cells ,  m acrophages  and  
p la te le ts .  More r e c e n t ly  the im portance of the physica l 
p ro p e r t ie s  of the  blood in c o n t r ib u t in g  to p e r ip h e ra l  a r te r ia l  
d isease  has  been  rea lised  (D orm andy e t al. , 1973a, 1973b). 
Dormandy dem o n stra ted  th a t  p a t ie n ts  with in te rm itten t  
c laudica tion  have  in c re a sed  blood v iscos ity  and  ra ised  
f ib r in o g en  levels and  th a t  the inc reased  blood v iscos ity  was
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an im portant f a d  or in re d u c in g  blood flow an d  w orsen ing  of 
th e  p ro g n o s is  in th e se  p a t ie n ts  (D orm andy e t al. , 1973a,
1973b).
G raft occlusion may follow p ro g re s s io n  of d isease  of a r te r ia l  
walls proximal o r  d is ta l  to the  g r a f t ,  how ever recen t  
ev idence  s u g g e s ts  th a t  plasma f ib r ingoen  is also an 
im portan t fac to r  in g ra f t  occlusion (Hamer e t a l . ,  1973; 
H arr is  e t al. , 1978; Wiseman e t al. , 1989).
T h e re  is th e re fo re  in c re a s in g  ev idence th a t  in c re a sed  plasma 
f ib r in o g en  an d  i ts  consequences  have  an im portan t p a r t  to 
p lay  in p e r ip h e ra l  a r te r ia l  d isease ,  and  it is now possib le  to 
in v e s t ig a te  some of th e se  possib le  consequences  of 
f ib r in o g en  elevation  u s in g  p rec ise  la b o ra to ry  m e asu re m en ts .
T h is  th e s is  is con ce rn ed  with inves t iga t ion  of the  roles of 
f ib r in o g e n ,  f ib r in  formation and  blood rheo logy  in 
p e r ip h e ra l  v a sc u la r  d isease .  Before form ulating  the  plan of 
th e se  in v e s t ig a t io n s ,  the  defin itions and  concep ts  of 
haem orheology a re  rev iew ed .
Definitions
Rheology is the  s tu d y  of flow and  deform ation of m a tte r .  
The flow and  deform ation of blood in blood vessels  is 
te rm ed  haemorheology. (Copley & Seaman, 1981; Copley,
1987)
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Viscosity is th e  in t r in s ic  r e s is ta n c e  to flow of a bulk  l iqu id . 
The  in t r in s ic  re s is ta n c e  to flow is caused  b y  the  in te rn a l  
f r ic t io n  be tw een  the  molecular and  p a r t i c u la r  com ponents of 
th e  liqu id  r e s i s t i n g  movement a g a in s t  each o th e r .  Fluidity 
is th e  rec ip ro ca l  of v iscos ity .
When a liqu id  t r a v e ls  a long a  cy lind rica l p ipe it  is a r r a n g e d  
in th e o re tic a l  concen tr ic  cy lindrica l l a y e r s . The laye r  
n e a r e s t  th e  p ipe  s wall is s ta t io n a ry  while the  inne rm ost,  
axial la y e r  t r a v e ls  a t  th e  maximum velocity .  The co ncen tr ic  
la y e rs  slide o v e r  each  o th e r  and  th is  p ro cess  of s l id ing  is 
called sh e a r in g .  The shear rate is the  d iffe rence  in 
ve loc ity  be tw een  two ad jacen t l a y e r s . This  is g re a te s t  a t 
th e  ou te rm ost la y e rs  of the  flu id  and  least  a t  th e  innerm ost 
l a y e r s . The re s is ta n c e  to s h e a r in g  is caused  b y  in te rn a l  
f r ic t io n  fo rces  be tw een  ad jacen t la y e rs .  It is th e  f r ic tional 
flow re s is ta n c e  th a t  is th e  liquid  s v isco s ity .  The shear 
stress  is th e  fo rce  p e r  u n i t  a re a  applied  to a fluid lay e r  
which causes  it  to move re la t ive  to its  ad jacen t la y e r .
The  Systeme In te rn a tio n a le  (SI) u n i ts  of s h e a r  r a te  a re  
seconds   ^ (s  ^ ) .  The SI u n its  of s h e a r  s t r e s s  a re  pasca ls  
(P a ) .  A pasca l equals  one newton p e r  s q u a re  m etre 
(N /m 2).
V iscosity  (o r  the  dynamic v iscos ity  of a flu id) is the  ratio  
of s h e a r  s t r e s s  to s h e a r  r a te .
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Yin.n >sity pm Pa. s.) :: S h e a r  s t r e s s  (mPa)
s h e a r  ra te  (s
In rheo logy ,  u n i ts  a re  e x p re s s e d  in millipascals (mPa) 
b eca u se  of th e  small fo rces  invo lved .
Sir Isaac Newton h y p o th e s ise d  in his P rinc ip ia  of 1686 tha t 
th e  s h e a r  r a te  was d irec t ly  p roportiona l to the  s h e a r  
s t r e s s ,  which makes the  v iscos ity  co n s ta n t .  Water is an 
example of a Newtonian f lu id . Blood, how ever,  ac ts  in a 
d i f fe re n t  m anner.  At low s h e a r  r a t e s ,  due mainly to red  
cell a g g re g a t io n ,  the  v iscos ity  of blood in c re a se s .  
T h e re fo re  the  v isco s ity  a l te r s  a t d if fe re n t  s h e a r  ra te s  for 
blood and  it  is te rm ed a Non-Newtonian f lu id .
At h igh  s h e a r  r a te s  (200 m Pa.s  and  above) blood v iscos ity  
reac h es  a co n s tan t  minimum value , abou t two and  a half 
times th e  v isco s ity  of plasma and  abou t five times the  
v isco s ity  of w a te r .  At h igh  s h e a r  r a te s  red  cell a g g re g a te s  
a re  d is p e rse d  and  re d  cells deform th e i r  shape  into 
e l lipso ids ,  para lle l to the  flow. At h igh  s h e a r ,  blood 
becomes a Newtonian fluid of minimal v isco s ity .  This  
phenom enon occu rs  in many p a r t s  of th e  normal circu la tion  
(Lowe, 1987b).
V iscosity  var ie s  with te m p era tu re .  As te m p era tu re  
in c re a se s  th e re  is a d ec re ase  in molecular in te rac t io n s  and  
hence d ec re a se d  v isco s ity .  This  phenom enon o ccu rs  in 
p lasm a, serum  and  whole blood. (H a rk n e s s ,  1971; Goyle & 
D orm andy, 1976).
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The volume of flu id  flowing in a tu b e  d ep en d s  on the
d r iv in g  p r e s s u r e  a long  th e  tu b e ,  the  le n g th  and  rad iu s  of
the  tu b e  an d  th e  flu id  s v iscos ity ;  th is  may be form ulated
4 1Q = A P. n r
8L n
w here  Q = th e  flow ra te
/ \  P -  th e  d r iv in g  p r e s s u r e  
r  = ra d iu s  
I, = le n g th  
n = v isco s ity
This  is the  H agen-Poiseulle  equa tion .
The differential v iscosity  of a f lu id  c o r re sp o n d s  to the  
g ra d ie n t  a t  a n y  g iven  po in t on th e  s h e a r  s t r e s s  v e rs u s  
s h e a r  ra te  c u rv e .  As th is  c u rv e  te n d s  to be non l inear  for
flu id  su sp e n s io n s  th e  apparent v iscosity  is more commonly
used  and  is de f ined  as th e  g ra d ie n t  of the line betw een an y  
poin t on the  c u rv e  and  the  o r ig in . E ffectively  th is  is a 
ra tio  of the overall s h e a r  s t r e s s  to the  overall s h e a r  r a te ,  
ca lcu la ted  as if b o th  s h e a r  s t r e s s  and  s h e a r  ra te  were 
d i s t r ib u te d  normally (C h ien , 1975).
For the  p u rp o s e  of th is  th e s is  the  coefficient of the 
a p p a re n t  dynamic v isco s ity  is u sed  exc lu s iv e ly ,  and  is 
r e f e r r e d  to simply as  "v isco s ity " .  Units  a re  e x p re s s e d  in
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m P a.s .  T he  normal ra n g e  fo r  plasma v iscosity  in hea l thy  
s u b jec ts  from th re e  y e a rs  to middle age is 1 .1 -1 .5  m Pa.s  a t 
37°C (Lowe, 1987b; In te rna tiona l  Committee fo r  
S tan d a rd isa t io n  in Haematology, 1984).
Blood flows u n d e r  the  d r iv in g  p r e s s u r e  of the h e a r t  and  
th e  c o n seq u en t p r e s s u r e  g ra d ie n t  between a r te r ie s  and  
ve ins .  Blood flow is in v e rse ly  re la ted  to th e  v ascu la r  
re s is ta n c e ,  which is a function  of the  v esse l 's  geom etry  
(p a r t i c u la r ly  the  r a d iu s ) ,  and  the  v iscos ity  of the  blood.
In c re a se d  blood v isco s ity  causes  an in c re a sed  flow 
re s is ta n c e  th ro u g h  an o rg an  o r  limb and  re s u l t s  in a 
red u c t io n  in blood flow un le ss  com pensated b y  in c rease  in 
vessel d iam eter .
Blood Viscosity
The major d e te rm in a n ts  of blood v iscos ity  a re  plasma 
v isco s ity ,  haem atoc ri t ,  re d  cell m icrorheology (ag g reg a t io n  
an d  deform abili ty ) an d  s h e a r  cond itions .  T em p era tu re  also 
a f fec ts  blood v isco s ity  .
Plasma Viscosity
Whole blood is a su sp e n s io n  of d isp e rs e d  cells in plasma. 
T h e re fo re  the  plasma v iscos ity  a ffec ts  whole blood v iscos ity .  
Plasma is composed of plasma p ro te in s .  The effect of these  
plasma p ro te in s  on v iscos ity  varies  with the  concen tra t ion  of 
p ro te in  (H a rk n e s s ,  1971). Ind iv idual plasma p ro te in s  
in fluence the  plasma v iscos ity  and  hence
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whole blood v isco s ity  to d if fe re n t  d e g re e s ,  not only 
a c c o rd in g  to th e i r  molecular w eight b u t  also acc o rd in g  to 
th e i r  sh a p e .  F ib rinogen  is one of the  most im portan t 
p lasm a p ro te in s  in de te rm in ing  plasma v iscos ity .  It is a 
la rg e  asym m etrical p ro te in  with a le n g th  to d iam eter ra tio  of 
ab o u t 18:1 , which can ro ta te  d u r in g  flow and  d i s tu rb  the 
s tream lines  of flow and  plasma (H a rk n e s s ,  1971; Chien, 
1972). O th e r  plasma p ro te in s  with m arked effec ts  on plasma 
v isco s ity  inc lude the immunoglobulins,
a lp h a -2 -m acrog lobu lin ,  and  low d en s i ty  and  v e ry  low 
d en s i ty  l ipopro te ins  (H a rk n e s s ,  1981).
Plasma e x h ib i ts  Newtonian b eh av io u r  (D in ten fa ss ,  1971; 
H a rk n e s s ,  1971). I t  can th e re fo re  be m easured  i r r e s p e c t iv e  
uf s h e a r  r a te .  At normal o r  in c re a sed  h a e m a to c r i ts , 
in c re a se s  in plasma v isco s ity  r e s u l t  in in c re ased  whole blood 
v isco s ity  (M ayer, 1966; Rand e t a l . ,  1970). This  e ffec t of 
plasma v isco s ity  in c re a se s  w ith in c re a s in g  haem atocrit 
(M ayer, 1966).
Haematocrit
H aematocrit is the volume frac t io n  of cells in whole blood, 
w h ereas  p ack ed  cell volume is m easu red  by  cen tr i fu g a t io n  
an d  is 2-5% h ig h e r  th a n  the  ac tua l volume occupied by  the  
cells b ecau se  of th e  t r a p p in g  of a small volume of plasma 
betw een  th e  cells (Wintrobe e t a l . ,  1981). In clinical 
p ra c t ic e  th e se  te rm s a re  synonym ous. With a h ig h e r  
haem atoc ri t ,  i . e .  with more concen tra t ion  of red  cells ,  it is 
u n d e r s ta n d a b le  th a t  the  v iscos ity  of blood in c re a se s .  O ver
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th e  haem atocri t  ra n g e  0 .2 -0 .6  (found  in pathological 
conditions  as well as  in hea lth )  th e re  is a l inear  in c rease  in 
the  logarithm  of blood v iscos ity  (B eg g  & H ea rn s ,  1966; 
Chien e t a l . ,  1966; D orm andy, 1970). However o v e r  the  
ra n g e  of haem atocri t  found  in most people (0 .3 5 -0 .5 5 )  the  
re la t io n sh ip  be tw een  haem atocrit  and  whole blood v iscos ity  
is e s sen tia l ly  a l inea r  one. The effec t of haem atocrit  on 
blood v isco s i ty  is g r e a te r  a t  low s h e a r  ra te s  (Lowe & 
B arb en e l ,  1988), where red  cell ag g reg a t io n  occu rs  
in c re a s in g  the  blood v iscos ity .  At h igh  s h e a r  r a te s  
a g g re g a te s  a re  d is ru p te d  and  re d  blood cell deformation 
o c c u r s .
Normal ra n g e s  fo r  haem atocrit  a re  0 .41 -0 .54  in males and  
0 .37-0 .47  in females (Wintrobe e t  a l . ,  1981). Smokers tend  
to have  a h ig h e r  haem atocrit  ( I s b i s te r ,  1987). This  is 
p ro b a b ly  due  to  in c re a se d  carboxyhaem oglobin  concen tra t ion  
w hich leads to an  in c rease  in r e d  cell mass s tim ulated  by  
t is su e  h ypox ia .  Lowe and  B arbene l (1988) no ted  th a t  
e lev a ted  haem atocrit  in sm okers re f le c ts  a la rg e r  mean cell 
volume r a th e r  th a n  an in c re a sed  red  blood cell coun t.
Red Blood Cell Aggregation
Red blood cells form l inear  a g g re g a te s  term ed "rou leaux"  
u n d e r  low flow conditions . This  can be o b se rv ed  
m icroscopically  (C hien  & Ja n ,  1973). The rou leaux  formed 
also u n d e rg o  a sec o n d a ry  a g g reg a t io n  into ne tw orks  of red  
blood c e l l s .
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Rouleaux form ation has  been  of in te r e s t  to clinicians fo r  a 
cons ide rab le  time as it p lays  a major role in the  e ry th ro c y te  
sed im enta tion  r a te  (ESR) t e s t .  The ESR te s t  ind ica tes  
i l lness  an d  conditions  w here  plasma acu te  p h ase  reac tive  
p ro te in  co n ce n tra t io n s  a re  ra ise d .
A g g re g a te s  in s ta t ic  blood form an elastic  ne tw o rk .  A 
f in i te  s h e a r  s t r e s s  ( te rm ed  the  yield streBs) is needed  to 
d is ru p t  th e se  a g g re g a te s .  Merrill e t  al. (1965) showed tha t 
w hen blood in  a narrow  cap illa ry  tu b e  s tops  flowing, a 
d r iv in g  p r e s s u r e  is r e q u i re d  to recommence flow. The 
s ta t ic  a g g re g a te s  re q u ire  th is  yield s t r e s s  to d i s ru p t  them. 
T his  may be  of some im portance in th e  m icrocirculation in 
pa thologica l conditions  w here  th e  d r iv in g  p r e s s u r e  is low.
Mechanisms of Red Cell Aggregation
When blood is s ta t ic  only tran s la t io n a l  Brownian motion will 
b r in g  r e d  cells into collision with each o th e r .  At low s h e a r  
r a te s  of less  th a n  50 sec ^ , collisions lead to the  formation 
of re d  cell a g g r e g a t e s . Hence low s h e a r  fo rces  promote red  
cell a g g re g a t io n  more th a n  s t a s i s . At in c re a s in g  s h e a r  r a te  
th e  a g g re g a te s  d i s r u p t  and  become completely d is p e rs e d  at 
50 s  ^ in normal blood ( s h e a r  s t r e s s  0.2 P a) .  
( Schm id-Schonbein  e t al. , 1968; Chien, 1975).
U n d er  normal c ircum stances  re d  blood cells repe l each o th e r  
beca u se  of an  overall  nega t ive  c h a rg e  on the  cell m em brane, 
p r im arily  due to sialic acid re s id u e s  (Cook e t a l . ,  1961).
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!-;ry1 hi\>cylos s u sp e n d e d  in physiological b u f fe re d  saline 
show no s ign  of a g g re g a t io n  (L erche ,  1983). However in 
p lasm a, r e d  blood cells a g g re g a te  and  th is  is due to the 
plasma p ro te in s .  The plasma p ro te in s  re spons ib le  for red  
cell a g g re g a t io n  a re  f ib r in o g en ,  a lpha-2 -m acrog lobu lin ,  lgM 
an d  IgG ( Schm id-Schonbein  e t al. , 1973; Rovel e t  a l . ,
1979). F ib rinogen  is the  most ac tive  of th e  physiological 
a g g re g a t in g  a g e n ts  in th e  blood (Replogle e t a l . ,  1967; 
Chien e t  a l .  , 1970).
T he a g g re g a t in g  plasma p ro te in s  a re  th o u g h t  to have a 
b r id g in g  effec t be tw een  two re d  cells. T hey  a re  able to 
link th e  n a tu ra l ly  rep e l len t  red  cells to g e th e r ,  b e ing  long 
molecules. F ib r inogen  is a la rge  molecule (MW 340,000) th a t  
is e longa ted  and  f lex ib le .  Its  le n g th  is abou t 650-700A 
(H a rk n e s s ,  1971; C hien, 1972). This  is su ff ic ien tly  long to 
ac t  as  a b r id g e  be tw een  cells a t  a d is tance  w here  rep u ls iv e  
fo rces  a re  small.
F ib r inogen  is dim eric , co n s is t in g  of a ce n tra l  E reg ion  and  
two te rm inal D reg ions  a t  opposite  ends  of the  molecule 
(F ig u re  1 .2 ) .
Rampling dem o n stra ted  th a t  the  amount of f ib r inogen  bound 
to the  red  blood cell membrane was d irec t ly  p roportiona l to 
the  con cen tra t io n  of f ib r inogen  in the  s u s p e n d in g  medium 
up to a con cen tra t io n  of 10 g/1 with no s ign  of s a tu ra t io n  
(Ram pling , 1981). He calculated  th a t  abou t 2% of the 
c i rc u la t in g  f ib r inogen  in vivo is bound  to the  red  blood cell
70
n
m em brane. He also no ted  th a t  plasmin de r ived  f ib r inogen  
d e g ra d a t io n  p ro d u c ts  also a d so rb  onto red  blood cells . The 
am ount b o u n d  v a r ie d  to the  ty p e  of deg rad a tio n  p ro d u c t .  
Rampling concluded  th a t  th is  was compatible w ith a d so rp tio n  
s ite s  on b o th  of th e  term inal D reg ions  of the  f ib r inogen  
molecule. F ib r inogen  d e g rad a tio n  fragm en ts  D and  E did
not induce  a g g re g a t io n  on th e i r  own, b u t  s y n e rg is t ic a l ly  
en h an ced  the  e f fec t of f ib rinogen  (Ram pling, 1981). The 
effec t of f ib r inogen  on ag g reg a tio n  in plasma is more
immediate th a n  the e ffec t of f ib r inogen  on ag g reg a tio n  in a 
p u r if ie d  system  (Chien et a l . ,  1970; Merril et a l . ,  1966). 
T h is  is b eca u se  th e  o th e r  plasma p ro te in s  p lay  a s y n e rg is t ic  
role with f ib r in o g en  in re d  cell a g g reg a t io n  (Ram pling,
1988)
O th e r  plasma p ro te in s  ( a lp h a -2-m acroglobulin , IgM and  IgG) 
also a g g re g a te  re d  cells , form ing clump a g g re g a te s  of 
d i f f e re n t  con f ig u ra tio n  to rou leaux  ( Schm id-Schonbein  e t 
a l . ,  1973; Rovel e t  al. , 1979). T hese  p ro te in s  a re  also
la rg e ;  it is estim ated  th a t  molecules re q u ire  a molecular 
w eigh t of 150,000 o r  more to cause  ag g reg a t io n  (Ram pling,
1988).
Red blood cells must be in close prox im ity  to each o th e r  to 
allow a g g re g a t io n  to occu r .  At low haem atocrit the  r a te  of 
red  cell a g g re g a t io n  is low, a g g re g a te s  a re  small and 
s e p a ra te .  In c re a se s  in haem atocrit  within the  normal range
g re a t ly  in c re a se  re d  cell aggTegation . At abnorm ally  h igh 
h aem atocri ts  the  in ten se  cell - cell in te rac t io n s  and  the
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close p rox im ity  of re d  cells r ed u ce s  the  e ffec ts  of 
a g g re g a t io n  (C h ien ,  1988). Hence re d  cell ag g reg a tio n  
e x e r t s  i ts  maximal e ffec ts  on blood v iscos ity  a t  normal or 
s l ig h t ly  e lev a ted  haem atocrits  (C h ien , 1972).
T h e re  is ev idence  th a t  r e d  cells them selves may have 
d i f fe re n t  a g g re g a b i l i t ie s . This may be due to d if fe re n t  cell 
d e fo rm a b il i ty , su r fa c e  ch a rg e  or a ff in i ty  fo r  b r id g in g  
p ro te in s  (C h ien ,  1975). Impairment of d e x t ra n  induced  
a g g re g a t io n  h a s  b een  shown for cells r ig id if ied  by  
fo rm aldehyde (Knox et a l . ,  1977). Heat trea tm e n t is known 
to in c re a se  membrane v iscos ity ,  p resum ab ly  by  p ro te in  
d e n a tu ra t io n ,  r e d u c in g  cell membrane deform ability  (Rakow 
e t  al. , 1981; N ash & Meiselman, 1985). L erche an d  Baumler 
(1984) h ea ted  red  blood cells to e i th e r  48 .4 , 48.8 o r
49 .5°C . T h ey  found  a p ro g re s s iv e  red u c t io n  in red  cell 
a g g re g a t io n  as cells became more r ig id .  Nash et al. (1987) 
s e p a ra te d  re d  blood cells b y  th e i r  d en s i ty  which th e y  
p ro p o sed  re la te d  to the  cell age . The o ldes t ,  most dense  
cells had  a su b s ta n t ia l  in c rease  in po ten tia l for 
a g g re g a b i l i ty  in d e x t ra n .  Rampling and  W hittingstall 
(1986a) have  p ro d u ced  similar r e s u l t s  fo r  a g g re g a b i l i ty  in 
f ib r in o g e n .
In c re a se s  in plasma v iscos ity  caused  by  in c reased  
co n ce n tra t io n s  of f ib r in o g en ,  a lpha-2 -m acrog lobu lin  and  
immunoglobulins IgM and IgG a re  accompanied by  in c reased
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r e d  cell a g g re g a t io n .  However a t  v e ry  h igh  plasma 
v isc o s i ty ,  re d  cell a g g re g a t io n  is a t te n u a te d  because  of the  
h y p e rv is c o u s  medium th a t  th e  re d  blood cells must move in 
to a g g re g a te .
Measurement of Red Cell Aggregation
D irec t m easurem ent of re d  blood cell ag g reg a t io n  is possib le  
u s in g  microscopic exam ination. In d irec t  m easurem ent 
involves te ch n iq u e s  based  on th e  rheological effect of red  
blood cell a g g re g a t io n .
(a )  D irect Microscopic Measurement
The m icroscopic a g g reg a tio n  m easurem ent of Chien and  
Jan  (1973) g ives  a d irec t  m easurem ent. However it is 
a ted ious  an d  time consum ing te s t .  It only 
in v e s t ig a te s  cell b eh av io u r  in a s ta t ic  co n tex t .
(b )  In d ire c t  M easurem ent 
Low S h ear  Blood V iscosity
Low s h e a r  blood v iscos ity  p redom inan tly  m easures  red  
blood cell a g g re g a t io n  ( In te rn a t io n a l  Committee fo r  
S tan d a rd isa t io n  in Haematology, 1986). However 
m easurem ent is techn ica lly  dem anding . The major 
d isa d v a n ta g e  of low s h e a r  v iscom etry  is th e  p hase  
sep a ra t io n  th a t  occu rs  with rap id  s e t t l in g  of 
a g g re g a t io n  d u r in g  m easurem ent. This  can lead to an 
und eres t im a tio n  of re d  cell a g g reg a t io n  ( Lowe & 
B arb en e l ,  1988).
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The e ry th ro c y te  sedim entation ra te  te s t  was developed 
b y  F ah raeu s  (1921). The W estergren  method is 
recom mended b y  the  In te rna tiona l  Committee for 
S tan d a rd isa t io n  in Haematology (1973). It d e tec ts  
major changes  in a g g re g a t in g  p ro te in s  (Lowe, 1987b). 
However th e  ESR is a poor m easure of the  influence of 
red  cell a g g re g a t io n  on blood flow because  of its 
d ep en d en ce  on haem atocrit  (Lowe, 1987b). 
V iscoelastic ity
The e lastic  component of blood can be  used  as an 
index  of re d  cell ag g reg a tio n  (T h u r s to n ,  1979). This  
ty p e  of m easurem ent is sen s it iv e  to haem atocri t ,  plasma 
v isco s ity  an d  to the  the  a r te fa c ts  of cell s e t t l in g  
(Lowe, 1987b).
Pho tom etry
The r a te  an d  e x te n t  of red  cell ag g reg a t io n  can be 
m easured  pho tom etrically  by  the  changes  in light 
transm iss ion  th ro u g h  whole blood ( Schm id-Schonbein  et 
a l . ,  1973). The amount of l igh t tran sm itted  th ro u g h  
whole blood v a r ie s  with the  s h e a r  ra te .  At low s h e a r  
r a t e s , ce l l- f ree  gaps  concomitant with red  cell 
a g g re g a t io n  o c c u r ,  r e s u l t in g  in an  inc rease  in light 
tran sm iss io n .  At h igh  sh e a r  ra te s  l igh t transm ission  is 
minimal, as  a g g re g a te s  a re  d is p e rs e d .  An autom ated 
system  has  re c e n t ly  become availab le . This  is the  
M yrenne ag g reg o m e te r  (MAI) (Schm id-Schonbein  et 
a l . ,  1982).
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T hese  five te ch n iq u es  fo r  m easuring  re d  cell
a g g re g a t io n  have  b een  compared (Ram pling & 
W hittingsta ll ,  1986b). The co rre la tions  be tw een  the  
re sp o n s e s  of th e se  techn iques  were gen era lly  
s a t i s f a c to ry .  D irect m icroscopy g ives unequivocal 
d a ta .  T he photom etric  M yrenne A ggregom eter  was the  
s im plest an d  techn ica lly  eas ie s t  m ethod, r e q u i r in g  the  
smallest am ount of whole blood. The ag g reg o m ete r  was 
th e  most sens it ive  t e s t  betw een f ib r inogen
co n ce n tra t io n s  of 3g /l  - 8 g / l .  This  is ideal for
m easurem ent in pathological cond itions . The M yrenne 
a g g reg o m e te r  is u sed  fo r  the  m easurem ent of red  cell 
ag g re g a t io n  in th is  th e s is ,  and is d e sc r ib e d  in detail 
in c h a p te r  2.
Low s h e a r  blood v iscos ity  is in c re a sed  in p a t ie n ts  with 
p e r ip h e ra l  a r te r ia l  d isease  (D orm andy, 1973a).
In c re a se d  low s h e a r  blood v iscos ity  could be im portan t 
in limiting blood flow, d is ta l  to a s ten o s is .  Low s h e a r  
blood v isco s ity  is d ifficu lt to m easure ,  r e q u i r in g  
e x p e r ie n c e ,  a sen s it iv e  viscom eter and  a f r e s h  an d  well 
mixed, h ea ted  sample ( In te rn a t io n a l  Committee fo r  
S tan d a rd isa t io n  in Haematology, 1986; Lowe & 
B arb en e l ,  1988). The M yrenne photom etric  
a g g reg o m e te r  on the  o th e r  hand  is e a sy  to work and  
could be used  in rou tine  lab o ra to r ie s .
75
White Blood Cells
T h e re  is in c re a s in g  ev idence th a t  white blood cells may 
c o n t r ib u te  to a r te r ia l  d isease  th ro u g h  a th e ro g e n e s i s , 
th rom bosis  an d  ischaemia. In th is  r e g a rd  the  role of the  
w hite  blood cell has been  s tu d ie d ,  especia lly  the  
g ran u lo c y te  a n d  m onocyte, in p rom oting  endothelia l in ju ry  
an d  m icrovascu la r  occlusion.
Chien has  s tu d ie d  the  rheo logy  of th e  white cell in the
m icrocircu la tion  (C h ien ,  1988). In normal blood vesse ls  less
th an  10 microns in d iam eter ,  white blood cells make a
s ig n if ican t  co n tr ib u t io n  to flow re s is ta n c e  because  of th e
la rg e r  cell volume an d  lack of deform abili ty . The mean cell
3volume of a w hite blood cell is 200 micrometres . The white 
blood cell is much less  deformable th a n  the  red  blood cell - 
i t  is sp h e r ica l  w hereas  the  red  blood cell is discoid and  it 
has  a h ig h  in te rn a l  v iscos ity  coeffic ien t,  1000 times th a t  of 
the re d  cell (C h ie n ,  1988).
In h ig h  flow s ta te s  white blood cells a re  d is p e rse d  in la rge  
v e s s e l s . The la rg e r  white blood cells te n d  to occupy  the  
c e n t ra l  reg ion  of blood flow, in c re a s in g  white blood cell 
ve loc ity .  In low flow s ta te s  red  cell a g g reg a t io n  o ccu rs  and  
th e  w hite blood cells a re  d isp laced  to the  vesse l wall b y  the  
a g g re g a te s .  The white blood cell concen tra tion  is red u ced  
in th e  ce n tra l  reg ion  of flow. Leucocytes in con tac t with 
endothelium  may roll along on the  endothelium  at lower 
velocity  th a n  the  main blood s tream , and  a d h e re .  This  has 
been  o b se rv e d  experim en ta lly  (S chm id-Schonbein  et a l . ,
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1980). T h e re fo re  a dec rease  in blood flow fav o u rs  white 
blood cell in te ra c t io n s  with the  endothelium  and  adhes ions  
may o ccu r  in re sp o n s e  to chemotactic fa c to rs .  White blood 
cell adhes ion  also re d u c e s  the  vesse l lumen and  flow ra te  
an d  in c re a se s  flow re s is ta n c e .
At cap illa ry  b ifu rc a t io n s  th e  e n tra n c e  of a blood cell into 
one b ra n c h  causes  an  in c rease  of re s is ta n c e  and  a d ec re ase  
of flow in th a t  b ra n c h ,  so the  n ex t cell will e n te r  the  o ilier  
b r a n c h ,  g iv in g  a balance of re s is ta n c e  and  cell d is t r ib u t io n .  
When a w hite blood cell e n te r s  one b ra n c h  it causes  a 
g r e a t e r  in c re a se  in re s is ta n c e  due to i ts  la rg e r  cell d iam eter 
and  lower deform abili ty .  S u b seq u en t  re d  blood cells a re  
d ire c te d  in to  th e  o th e r  b ra n c h  un ti l  the  re s is tan c e  due to 
them m atches th a t  due to the  one white blood cell. 
T h e re a f te r  th e  e n te r in g  re d  blood cells will a l te rn a te  with 
th e  b r a n c h e s .  One white blood cell may be equ iva len t to 
20-30 red  blood cells in te rm s of re s is ta n c e  change  at the  
cap i l la ry  b ifu rca tio n  (C h ien , 1988). Hence the  e n t r y  of a 
w hite  blood cell in to  a cap illa ry  ne tw ork  has  a la rg e  effect 
on the  d is t r ib u t io n  of re d  blood c e l ls .
In  la rg e  v esse ls  the  rheological influence of the  white blood 
cell on flow re s is ta n c e  is neglig ible  b ecause  of th e  re la tive ly  
low co n cen tra t io n  in normal blood com pared to red  blood 
cells . The rheological in fluence is in c re a s in g ly  p ronounced  
in vesse ls  with d iam eters  smaller th an  white blood cells.
T he  w hite blood cell count is v e ry  labile. G ranu locy tes  a re  
in th re e  pools , the  marrow pool, the  t i s su e  pool and  the
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c irc u la t in g  pool. T raff ic  among th ese  can be acu te ly  
a l te re d  b y  physio logical in fluences  (co r t icos te ro id s  and  
vasoac tive  amines) and  pathological in fluences  (b ac te r ia l  
p ro d u c ts  an d  complement ac t iv a t io n ) .  The white blood cell 
coun t an d  d if fe re n tia l  count can v a ry  from day  to day  
(E rn s t  e t al. , 1987a). It is im portan t to take th is  into
accoun t w hen m easu ring  white blood cell coun t.
In  re c e n t  y e a r s  the  role of white blood cells in 
a lh e r o g e n e s i s , th rom bosis  and ischaemia has  s tim ulated  many 
epidemiological s u r v e y s ,  as well as clinical and animal 
r e s e a r c h .
Alderm an e t al. (1981) r e p o r te d  th a t  p a t ien ts  with 
in te rm i t te n t  c laudication have an  in c reased  white cell count 
com pared to co n tro ls .
A p ro s p e c t iv e  s tu d y  of 7,000 males fo r  an av e ra g e  of 6.5 
y e a r s  found th a t  in sm okers with a white blood cell count 
g r e a t e r  th a n  9000 / m ic ro li tre , the  inc idence of myocardial 
in fa rc t io n  was fo u r  times as g re a t  as in sm okers with a 
white blood cell coun t less  th a n  6000/microlitre (Zalokar et 
a l . ,  1981). The s t r o n g e s t  association was with n e u tro p h i ls .  
Lym phocyte  coun t was not p red ic t iv e .
In a s tu d y  of 2026 p a t ien ts  the  white blood cell count taken  
a f te r  r e c o v e ry  from a f i r s t  myocardial in fa rc tion  co rre la ted  
s t r o n g ly  with th e  r i s k  of re - in fa rc t io n  (Lowe et al. , 1985). 
The white blood cell count co -va r ied  with tobacco u se ,  bu t
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its assoc ia tion  with re - in fa rc t io n  was still s ign if ican t when 
tobacco an d  o th e r  c o -v a r ia n ts  w ere taken  into accoun t.
In the Multiple Risk Fac to r In te rv en tio n a l  Trial a decrem ent 
of 1,000 w hite  blood cells/ml was assoc ia ted  with a d ec re ase  
of 14% in the  r i s k  of card iac  d ea th .  This was in d e p e n d e n t  
of tobacco  smoking (Grimm e t  al. , 1985).
T h e re  a re  two possib le  exp lanations fo r  th e se  epidemiological 
f in d in g s :  th e  white blood cell count could be a m arke r  for
one o r  more d isease  p ro cesse s  ( recogn ised  o r  u n reco g n ise d )  
th a t  lead to v a sc u la r  in ju ry ;  a l te rn a t iv e ly  the white blood 
cell could p lay  a p a thogen ic  role in v a scu la r  in ju ry .
In animal s tu d ie s ,  one of the ea r l ie s t  cellu lar in te rac t io n s  
th a t  o ccu rs  in hypercholes tero laem ia  is th e  a t tachm en t of 
m onocytes to th e  endothelia l cells (R oss ,  1986). Monocytes 
a re  know n to be able to tran s fo rm  into m acrophages and  
s e c re te  g row th  fa c to rs  as well as in te r le u k in -1 which 
in d u ces  th e  a d h e re n c e  of f u r th e r  n eu tro p h ils  and  monocytes 
to endo the lia l cells (Lowe, 1990). Subendothelia l migration 
an d  localisation of th e se  monocytes a re  the  ea r l ie s t  e v en ts  
in f a t t y  s t r e a k  formation (R oss ,  1986).
N ash e t  al. (1988) have  shown th a t  in crit ica l limb ischaemia 
th e re  is a leukocy te  ac tivation  (ac tiva tion  be ing  de term ined  
b y  im paired f i l t e r a b i l i ty ) , an d  th is  r e tu r n s  to normal a f te r  
am putation  of th e  ischaemic limb. U sing m icrofiltra tion 
te c h n iq u e s  th e y  found  th a t  white blood cells taken  from 
blood d ra in in g  crit ica lly  ischaemic legs had  an impaired 
ab i li ty  to flow th ro u g h  five and  e igh t micron f i l te r s .  T hey
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also found  th a t  white blood cells in blood d ra in in g  the  
ischaemic leg  had  w orse f i l te rab i l i ty  th a n  white cells from 
blood d ra in in g  from the  arm. A fte r  am putation of the  
ischaemic limb, the  flow p ro p e r t ie s  of the  white blood cells 
w ere no d if fe re n t  from the  con tro ls .  T h ey  concluded th a t  
th is  im paired f i l te rab i l i ty  was due to ac tiva tion  of the  white 
blood cells caused  b y  fac to rs  re leased  in the  ischaemic 
t is su e  (N ash  e t  al. , 1988).
More r e c e n t ly  I lickey  et al. (1990) re p o r te d  th a t  th e re  was 
no s ig n if ican t  d if fe rence  in white cell f i l te rab i l i ty  betw een 
r e s t i n g  c laud ican ts  and  c o n t ro l s . However f i l te rab i l i ty  was 
s ig n if ican tly  re d u c e d  a f te r  exe rc ise  in c laud ican ts .  T h ere  
was no change  in f i l te rab i l i ty  with exe rc ise  in con tro ls  o r  in 
th e  c lau d ican ts  w hen the  te s t s  w ere re p e a te d  a f te r  b y p a ss  
s u r g e r y .
Evidence fo r  ischaemia as an  ac t iv a to r  of white cells is the  
o b se rv a t io n  th a t  a f te r  removal of hindlimb to u rn iq u e ts  in 
anim als, th e re  is pu lm onary  en tra p p m en t of white cells with 
s u b s e q u e n t  lu n g  in ju ry  (A n n er  e t  a l . ,  1987; K lausner et 
a l . ,  1988a). A ctiva ted  leucocytes promote t i s su e  damage: 
K lau sn e r  e t al. (1988b) dem onstra ted  th a t  leucocyte 
dep le tion  in animals is an effective  p ro tec tion  to t is su e  
in ju ry  following hindlimb ischaemia and  re p e r fu s io n .  
A ctivation of leukocy tes  may cause rep e r fu s io n  in ju ry  b y
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inc reased  m icrovascu la r  perm eabil i ty ,  p roduc tion  of oxygen  
f re e  ra d ic a ls ,  le u k o t r ie n e s , lysosomal enzym es, and  p la te le t  
ag g re g a t io n  (K lau sn e r  e t al. , 1988b; P a te rson  et a l . ,  1989; 
K orth iu s  & G ra n g e r ,  1986; Mehta e t  a l . ,  1986; Lowe, 1990).
P a te rso n  e t  al. (1989) showed th a t  throm boxane mediates 
th e  p ro d u c t io n  of oxygen  f ree  rad ica ls  by  ac t iva ted  
leucocytes an d  th a t  inh ibition of throm boxane s y n th e s is  or 
th rom boxane r e c e p to r  b lockade p re v e n ts  t i s su e  in ju ry  a f te r  
ischaemia an d  re p e r fu s io n .  Actual cy totoxic  in ju ry  to 
endothelium  a p p e a rs  to r e s u l t  la rge ly  from oxida tive a ssau l t  
( E r n s t ,  1987a).
In sum m ary, white blood cells a re  in d e p en d en t r isk  fac to rs  
fo r  c o ro n a ry  h e a r t  d isease  and  may c o n tr ib u te  to the  
p ro g re s s io n  of p e r ip h e ra l  a r te r ia l  d isease .  White blood cell 
coun t is in c re a se d  in p e r ip h e ra l  a r te r ia l  d isease  and  in 
sm okers .  White blood cells could have s ign if ican t 
rheological e ffec ts  in the  m icrocirculation, and  may have a 
causa l role in p e r ip h e ra l  a r te r ia l  d isease .
Fibrinogen
A lthough  th e  im portance of f ib rinogen  in blood coagulation 
has  been  known fo r  many y e a rs  it is only rece n t ly  th a t  
f ib r in o g en  has been linked to ca rd io v ascu la r  d isease ,  
(Meade e t a l . ,  1980). In the  Framingham S tu d y  the  p ro jec t 
had  p ro g re s s e d  fo r  20 y e a rs  before f ib r inogen  estimation 
was in t ro d u c e d  to the  r isk  fac to rs  fo r  ca rd io v ascu la r  
d isease  (K annel e t al. , 1987), and  epidemiological s tu d ie s
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have  te n d ed  to co n ce n tra te  on ischaemic h e a r t  d isease  and 
s t ro k e  (Lee e t al. , 1990). T here  is a need for
in v e s t ig a t io n  in to  th e  role of f ib rinogen  in p e r ip h e ra l  
a r te r ia l  d isease .
F ib r inogen  is a  plasma p ro te in  s y n th e s is e d  by  hepatic  
p arenchym al cells . It is e ssen tia l  fo r  wound healing  and 
p la te le t  fu n c tio n .  The cen tra l  ev en t in the  coagulation of 
blood is th e  th rom bin  ca ta lysed  convers ion  of f ib rinogen  
in to  f ib r in .  F ib rin  co n s t i tu te s  the  physica l basis  fo r  all 
blood clots and  p ro v id es  a framework fo r  the  perm anent 
haem osta tic  p lu g .  F ibrin  is d eg rad e d  b y  plasmin in a 
p ro teo ly tic  p ro c e ss  of f ib rino lys is  into f ib r in  deg rada tion  
p r o d u c t s .
Before co n s id e r in g  the  role of f ib rinogen  in p e r ip h e ra l  
a r te r ia l  d isease  it is n e c e s s a ry  to cons ide r  its  g en e t ic s ,  
b iochem is try ,  haem ostatic  and  rheological e f fec ts .
Genetics
T he f ib r in o g en  gene is on chromosome 4 (K ant e t a l . ,  
1985). T h e re  a re  s e p a ra te  genes  for the  th re e  cha ins: 
gamma, a lpha  and  b e ta  - one gene fo r  each chain 
(C ra b t r e e  & K ant,  1981). H umphries et al. (1987) have 
shown th a t  ind iv iduals  have d if fe re n t  g eno types  fo r  
f ib r in o g en  and  th a t  a "h igh  f ib rinogen"  geno type  e x is t s .  
The same g ro u p  showed a s t ro n g  association betw een cer ta in  
g en o ty p es  coding  for the f ib rinogen  p ro te in  and  plasma
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f ib r in o g en  co n ce n tra t io n s .  This means th a t  some people 
may be genetica lly  p re d isp o se d  to h igh  f ib r inogen  levels and 
th e i r  co n seq u en c es .
Biochemistry
The molecular s t r u c t u r e  of f ib r inogen  has been  determ ined  
(See F igu re  1 .3 ) F ib rinogen  is a complex molecule with a 
molecular w eight of 340,000 and  2,964 amino acids (Doolittle, 
1987). X - ra y  d iff rac tion  techn iques  iden tif ied  superco iled  
a lp h a -h e lices  a long  a long axis (Bailey e t a l . ,  1943). The 
molecule is a r r a n g e d  in a t i e r  of th re e  g lobules. This was 
o b s e rv e d  b y  e lec tron  m icroscopy, (Hall & S lay te r ,  1959) 
w ith  a ce n tra l  "domain" globule and  two term inal "domain" 
g lobu les .  The amino acid sequence  of human f ib rinogen  was 
de term ined  in th e  1970 's  (H enschen  & L o ttspe ich ,  1977; 
Doolittle e t  al. , 1979). It is composed of two a lp h a -ch a in s  
of 51 re s id u e s ,  two b e ta -ch a in s  of 118 re s id u es  and  two 
gam m a-chains of 78 re s id u e s .  The amino acid sequence  and 
29 d isu lph ide  b onds  betw een 58 cys te ine  re s id u es  allow the 
molecule to have  six  cys te ine  re s id u es  in te rco n n ec ted  
spa tia lly  in fo u r  r in g s .  T hese  "d isu lph ide  r in g s"  hold all 
th e  chains  to g e th e r  with a lpha-helices  in te rco n n ec t in g  the  
th re e  domains. Calcium b in d in g  s ites  have also been 
iden tif ied  and  q u an tif ied  on the  term inal domains (M arguerie  
et a l . ,  1977; N ieuw enhuizen & H averka te ,  1983). Calcium 
ions have  been  known fo r  a long time to influence the  




Role of Fibrinogen in Haemostasis
The t r i g g e r in g  e v e n t  fo r  th e  transfo rm ation  of f ib r inogen  
in to  f ib r in  is th e  throm bin  ca ta lysed  re lease  of the  
f ib r in o p e p tid e s  A & B . The f ib r inopep tides  A & B were 
d isco v e re d  in 1951 and  th e ir  ch a ra c te r isa t io n  led to the 
rea l isa t ion  th a t  only  abou t 3 % of th e  mass of f ib r inogen  is 
rem oved b y  th e  reac tion  of throm bin . (Bailey e t al. , 1951; 
L o ran d ,  1951). T he  removal of th e se  re la t ive ly  small po la r  
p e p t id e s  from the c e n t ra l  domain allows the  mutual ap p ro ach  
of two molecules of f ib r inogen  which spon taneous ly  
polym erise  in to  th e  f ib r in  ne tw ork  (Doolittle, 1987).
This  p ro c e s s  in i tia lly  c rea te s  a dimer s tag e  betw een two 
m olecules . A second  se t  of in te rac t io n s  comes into p lay  
w hen a th i r d  molecule is added  a t  which time gamma-chains 
in  n e ig h b o u r in g  molecules come into jux tapos it ion ,  
fav o u rab le  fo r  covalen t c ro s s - l in k in g  b y  fac to r  XIII. (See 
F ig u re  1 .4 )
S tab ilisa t ion  (c ro s s - l in k in g )  of the  polymer s t r e n g th e n s  the 
f ib r in  n e tw o rk .  T he plasma enzym e, ac t iva ted  fac to r  XIII, 
s tab i l ise s  th e  f ib r in  ne tw ork .  Fac to r  XIII is calcium 
d e p e n d e n t .  I t  allows th e  formation of isopep tide  covalent 
bo n d s  be tw een  su i ta b ly  d isposed  lysine and  glutamine 
r e s id u e s  of gam m a-chains (Doolittle , 1987). This  r e s u l t s  in 
a g lu tam y l- ly s in e  c ro s s - l in k .  C ross- l inked  f ib r in  is 
m echanically  s t r o n g e r  th a n  non c ro ss - l in k ed  f ib r in  and is 
more r e s i s t a n t  to f ib r ino ly s is  (G er th  e t a l . ,  1974). (See 








Eibi in clo ts a re  no t d es ig n ed  to be p erm an en t. U nder the  
u su a l c ircu m stan ces  of w ound hea lin g , f ib ro b la s ts  move 
th ro u g h  th e  f ib r in  m eshw ork and  lay down a more 
p e rm an en t fram ew ork  com posed of collagen f ib re s . The 
su p e rf lu o u s  f ib r in  ne tw ork  is th e n  p ro teo ly tica lly  
d ism an tled . As a reac tio n  to f ib rin  form ation the  
f ib rin o ly tic  sy stem  is ac tiv a te d  g iv ing  r ise  to plasm inogen 
a c tiv a tio n . T he re s u lt in g  plasm in d eg rad e s  inso luble  fib rin  
to so lub le  d e g ra d a tio n  p ro d u c ts  and  th is  p ro cess
d is in te g ra te s  a blood clo t.
In haem ostatic  b a lan ce , th e  re la tiv e  ra te  a t w hich f ib rin  is 
form ed a t le a s t eq u a ls  th e  ra te  a t w hich it is d e g ra d e d . A 
coagu la tion  sy stem  re la tiv e ly  more ac tive  th a n  fib rin o ly s is  
may cause  th ro m b o sis , while ov erac tiv e  fib rin o ly s is  may 
cause  b le e d in g . In cases of o v e rt fib rin o ly s is  not only
fib r in  b u t f ib rin o g e n  is a tta c k e d  b y  plasm in (N iew enhuizen , 
1987a).
Plasm in c leaves th e  s le n d e r  in terdom ainal connections a t 
p ro te a se  se n s itiv e  s i te s ,  re s u lt in g  in c ro ss -lin k e d  f ib rin  
d e g ra d a tio n  p ro d u c ts ,  com posed of a double term inal domain 
com plexed w ith  a c e n tra l domain of an o th e r  u n it to which it 
was po lym erised  p r io r  to f ib rin o ly s is . The complex is called 
a DgE fra g m e n t; a D fragm en t b e in g  eq u iv a len t to the
term inal domain an d  th e  E fragm en t eq u iv a len t to the
c e n tra l domain (D oolittle , 1987). (See F igure  1 .3 ) .
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Measurement of Fibrin Degradation Products
Tn th e  p a s t ,  m easurem ent of f ib r in  d eg rad a tio n  p ro d u c ts  
(FD Ps) was p e rfo rm ed  on seru m , to rem ove f ib rin o g e n , as 
th e  po lyclonal a n tib o d ie s , u sed  p re v io u s ly , c ro ss  re a c te d  
w ith  f ib r in o g e n . N ew er monoclonal an tibod ies a re  specific  
fo r  FDPs an d  do no t c ro ss  re a c t w ith  f ib rin o g en . 
M easurem ent is now th e re fo re  perfo rm ed  on plasm a.
A.t least s ix  monoclonal an tib o d y  bound  plasm a a ssa y s  a re  
availab le  fo r  llie m easurem ent of th e  breakdow n of f ib rin  
(N iew enhu izen , 1 3 87b). One of th e se  monoclonal an tib o d y  
a s sa y s  is sp ec ific  fo r  th e  D -dim er frag m en t, m easu ring  
c ro s s - lin k e d  FDPs (R y la tt e t a l . ,  1983). E levated  levels of 
c ro s s - lin k e d  f ib r in  d eg rad a tio n  p ro d u c ts  r e p re s e n t  a 
se c o n d a ry  f ib r in o ly tic  re sp o n se , th e re fo re  p ro v id in g  an 
in d ire c t b u t  re liab le  index  of u n d e rly in g  f ib r in  form ation 
(W hittaker e t a l. , 1987).
M easurem ent of c ro s s - lin k e d  FDPs has re c e n tly  been  app lied  
lo c e r ta in  clin ical co n d itio n s . In c rea sed  c ro ss - lin k e d  FDPs 
a re  fo u n d  in  p a tie n ts  w ith deep venous th ro m b o sis, 
pu lm onary  em bolism , m yocardial in fa rc tio n , p a tie n ts  on 
th rom bo ly tic  th e ra p y ,  ren a l tra n sp la n ta tio n  and  rheum ato id  
a r th r i t i s  (W h ittaker e t a l. , 1987).
H ence c ro s s - lin k e d  FDPs can be m easured  a c c u ra te ly , and  
a re  e lev a te d  in  th rom botic  and  fib rin o ly tic  co nd itions. T hey  
a re  m a rk e rs  fo r  in vivo f ib r in  form ation. In p a tie n ts  w ith 
p e r ip h e ra l a r te r ia l  d ise a se , e levated  levels could ind ica te
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e ith e r  th rom bosis  in  th e  v esse l lumen o r ex cess  ch ron ic  
deposition  of f ib r in  on th e  v esse l wall (Sm ith e t a l. , 1990a).
Effect of Haemorheology on Blood Flow in Peripheral A r t e r ia l  
Disease
The H agen -P o iseu ille  eq u a tio n  can be u sed  to re la te  blood 
flow an d  th e  c irc u la tio n  in  v ivo .
Flow is p ro p o rtio n a l to : - 
P e rfu s io n  p r e s s u r e  (P  a r te ry -P  vein )
V ascu la r re s is ta n c e  X Blood v isco s ity
Blood flow d ep en d s  on th e  p e rfu s io n  p re s s u re  p ro d u ced  b y  
the h e a r t ,  on th e  re s is ta n c e  to flow of th e  v esse ls  (w here 
d iam eter is  p a r t ic u la r ly  im p o rta n t) , and  on blood v isco s ity .
Blood v isc o s ity  is dynam ic: it  ch anges in d iffe re n t p a r ts  of 
th e  c irc u la tio n  an d  th is  m ostly  re la te s  to  th e  d iffe re n t sh e a r  
ra te s  and  v e sse l d iam ete r e n co u n te red  a t d if fe re n t s ite s .  In 
h e a lth , th e  c irc u la tio n  minimises blood v isco s ity  in p a r ts  of 
the m icroc ircu la tion  w here most flow re s is ta n c e  o c c u rs , i .e .  
a r te r io le s  an d  cap illa r ie s . Blood v isco s ity  is k e p t a t a 
minimum b eca u se  th e  h ig h  sh e a r  conditions in th e  h ea lth y  
c ircu la tio n  e n s u re  maximum re d  blood cell deform ation , and  
minimal re d  cell a g g re g a tio n . Red cells tra v e l in axial 
s tream lin es  in  ra p id  flow. T h ey  tra v e l f a s te r  th a n  th e  
p lasm a, w hich is d isp laced  to  th e  slow er o u te r  flow ing
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s t ream! i t ics a I I lie vessel wall. This re su lts  in a consoi) uent 
fall in  th e  dynam ic haem atocrit (T he F ah raeu s e ffec t: 
F a h ra e u s , 1929). Hence a t h igh  sh e a r  th e  h ea lth y  
c ircu la tio n  m ain tains a minimum blood v isco s ity  due to a low 
dynam ic h aem ato c rit.
H ow ever blood v isc o s ity  in  th e  m icrocircu lation  a l te rs  in 
d isea se . In o v e r t  ischaem ia w ith d ec reased  p e rfu s io n  
p r e s s u re  an d  maximal vasod ilation  th e re  is a red u c tio n  in 
sh e a r  r a te .  T h is fa v o u rs  the  form ation of red  cell 
a g g r e g a te s , w hich may f u r th e r  in c rease  blood v isco s ity  and 
re d u c e  blood flow , in itia tin g  a vicious cycle (D in ten fa ss , 
1971; C hien , 1972). T his form of po sitiv e  feedback  could 
be en h an c ed  b y  e lev a ted  levels of haem atocrit and  
a g g re g a tin g  p ro te in s ,  esp ec ia lly  f ib rin o g en . Ram pling and  
C halloner (1983) d em o n stra ted  th a t in c re a sed  rou leaux  
form ation lim its flow in medium to la rg e  v esse ls  p a r tic u la r ly  
a t low d r iv in g  p r e s s u r e s .
Low s h e a r  cond itions a re  n e c e ssa ry  fo r re d  cell 
a g g re g a tio n . P e r ip h e ra l a r te r ia l  d isease  fav o u rs  low sh e a r  
cond itions w hich may e x is t a t a rea s  of flow sep a ra tio n  such  
as a r te r ia l  b ifu rc a tio n s , and  d is ta l to a r te r ia l  s te n o se s , as 
well as th e  m icrocircu la tion  (Lowe, 1987b).
In c re a se d  blood v isco s ity  has been shown to be an 
im p o rtan t fa c to r  in re d u c in g  blood flow in p a tie n ts  w ith 
in te rm itte n t c lau d ica tio n . Dorm andy et a l. (1973a) found 
th a t 126 p a tie n ts  w ith  in te rm itte n t claudication  had
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s ig n if ic a n tly  h ig h e r  b lood v is c o s ity  th a n  c o n tro ls , w hen
m easured  a t  h ig h  (230s a n d  low (23s s h e a r  r a te s .  
T hey  n o te d  th a t  p a t ie n ts  w ith  th e  same clin ica l an d  
a r te r io g ra p h ic  le sio n  (a  lo ca lised  su p e rf ic ia l fem oral a r t e r y  
occlusion) h ad  w idely  d if fe r in g  c lau d ica tio n  d is ta n c e s .  T he 
p a tie n ts  w ith  a s h o r te r  c lau d ica tio n  d is ta n c e  h ad  a h ig h e r  
blood v is c o s ity  th a n  p a t ie n ts  w ith  a lo n g e r  c lau d ica tio n  
d is ta n c e . T h e y  s u g g e s te d  th a t  in  a  p ro p o r tio n  of cases  th e  
in c re a se d  b lood v is c o s ity  w as th e  c r it ic a l fa c to r  re sp o n s ib le  
fo r th e  sym ptom s.
D orm andy e t  a l .  (1973b) th e n  w en t on to  a s s e s s  th e  
p ro g n o s tic  s ig n if ic a n c e  of th e  in itia l b lood v isc o s ity  in  62
u n tre a te d  p a t ie n ts  w ith  in te rm itte n t  c lau d ica tio n  o v e r  a 
th re e  y e a r  p e r io d . T h e y  fo u n d  th a t  th e re  w as a s ig n if ic a n t 
c o rre la tio n  b e tw e e n  b lood  v is c o s ity  a n d  s u b se q u e n t
d e te r io ra tio n  in  c lau d ica tio n  d is ta n c e . V isco s ity  was m ost 
s ig n if ican t a s  a  p ro g n o s tic  m a rk e r  w hen m easu red  a t a h ig h  
sh e a r  r a te .  H igh  lev e ls  of h aem a to c rit, f ib r in o g e n  an d
whole b lood  v is c o s ity  a n d  d e c re a se d  r e d  blood cell 
f il te ra b ility  h a v e  all b e e n  show n to  h av e  a p o o r p ro g n o s tic  
s ig n ifican ce  in  te rm s  of c lin ica l outcom e - in c re a s in g ly  
sev e re  c la u d ic a tio n , d ev elopm en t of ischaem ic r e s t  p a in  an d  
g a n g re n e , a n d  th e  n e e d  fo r  s u r g e r y  (D orm andy , 1988; 
D orm andy e t  al 1973b; R eid  e t  a l . ,  1976).
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P rim ary  o r  s e c o n d a ry  p o ly c y th a e m ia , myeloma o r  o th e r  
p a ra p ro te in a e m ia s , a n d  leukaem ia may all p r e s e n t  c lin ica lly  
w ith  leg  ischaem ia  in  th e  a b se n c e  of a n y  s ig n if ic a n t v e sse l 
d isea se . T h e se  c a se s  a re  r a r e ,  b u t  sp ec ific  tre a tm e n t of 
th e  u n d e r ly in g  c a u se  is  o f te n  su c c e s s fu l (D orm andy , 1988).
Since ab n o rm a lly  h ig h  lev e ls  of f ib r in o g e n , h aem a to c rit, 
whole b lood v is c o s ity  a n d  r e d  b lood cell d e fo rm ab ility  a re  
s ig n if ic a n t r i s k  fa c to r s  fo r  p ro g re s s io n  of p e r ip h e ra l  a r te r ia l  
d ise a se , th e r a p y  to  re d u c e  th e se  lev e ls  w ould b e  e x p e c te d  
to im prove c lin ica l ou tcom e. R ed u c tio n  in  h aem ato c rit b y  
v e n e se c tio n , norm ovolaem ic h aem o d ilu tio n , pharm aco log ical
d e f ib r in o g e n a tio n , pharm aco lo g ica l im provem ent of blood cell 
rh eo lo g y  a n d  p lasm a e x c h a n g e  h av e  all b een  s tu d ie d  (F o rd
e t a l . , 1978; Y ates  e t  a l . , 1979; Lowe e t a l . , 1982; Lowe
et a l . , 1984; W alker e t  a l. , 1983; E rn s t e t a l . ,  1987b). A t
p re s e n t  h o w e v e r , th e r e  is  no m edical tre a tm e n t p ro v e n  to  
red u ce  th e  r is k  of a r te r ia l  e v e n ts .
Reconstructive Vascular Surgery
S u rg ica l b y p a s s  in v o lv e s  in s e r t in g  e i th e r  a u to g en o u s  v e in  o r 
p ro s th e tic  g r a f t  m a te ria l. P ro s th e tic  g r a f t  m a teria ls  a re  
more th ro m b o g en ic  th a n  a u to g e n o u s  v e in  g r a f t  (B e rg a n  e t 
a l . ,  1982; M ichaels, 1989). B y p ass  of an  o cc luded  d is ta l 
a r te r y  m ay p r e v e n t  an  a m p u ta tio n , y e t  ev en  w hen 
au to g en o u s  sa p h e n o u s  v e in  is  av a ilab le , r e c o n s tru c tiv e  
s u rg e ry  is  n o t a lw ays s u c c e s s fu l .  E arly  g r a f t  occlusion  is 
u su a lly  a t t r ib u te d  to  a te c h n ic a l p rob lem  o r  an  in su ff ic ie n t 
in-flow  o r  o u t-f lo w . L a te  g r a f t  occ lusion  is  more common
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and  is a t t r ib u te d  to  an asto m o tic  in tim al h y p e rp la s ia ,  g r a f t  
s ten o s is  o r  th ro m b o sis  o r  d u e  to  p ro g re s s io n  of d is ta l o r  
proxim al a r te r ia l  d ise a se  (N ay lo r e t a l . , 1989). P lasm a
fib rin o g en  c o n c e n tra tio n  w as fo u n d  to  be  th e  m ost im p o rtan t 
v a riab le  p r e d ic t in g  v a s c u la r  g r a f t  occ lu sion  in  a re c e n t
p ro sp e c tiv e  s tu d y  of 157 p a t ie n ts  u n d e rg o in g  sap h en o u s  
vein  fem oro p o p litea l b y p a s s  g r a f ts  (W iseman e t a l . , 1989). 
Median p lasm a f ib r in o g e n  w as h ig h e r  in  p a t ie n ts  w ith  
occluded  g r a f t s  th a n  in  th o se  w ith  p a te n t  g ra f ts  one y e a r  
a f te r  o p e ra tio n . T h e  n e x t m ost im p o rtan t v a r ia b le s  
p re d ic tin g  g r a f t  o cc lu sio n  w ere  sm oking  m a rk e rs
carboxyhaem og lob in  c o n c e n tra tio n  an d  se ru m  th io c y a n a te  
c o n c e n tra tio n s . M edian c o n c e n tra tio n s  of
carboxyhaem og lob in  a n d  th io c y a n a te  w ere  s ig n if ic a n tly  
h ig h e r  in  p a t ie n ts  w ith  g r a f t s  th a t  fa ile d . T h ese  sm oking  
m ark e rs  a lso  in d ic a te d  th a t  one q u a r te r  of th e  p a t ie n ts  w ere 
u n tru th fu l  a b o u t th e i r  sm oking  h a b i t .  S u rp r is in g ly , 
in c re a sed  se ru m  c h o le s te ro l an d  in c re a se d  plasm a LDL
ch o leste ro l le v e ls  w ere  a s so c ia te d  w ith  im proved  g ra f t  
p a te n c y . In c re a s e d  b lood  v is c o s ity  a n d  a  te n d e n c y  to
th rom bosis a re  two p o ss ib le  m echanism s w h e re b y  h ig h  
plasm a f ib r in o g e n  le v e ls  cou ld  in flu en ce  occlusion  of b y p a s s  
g ra f ts .  T he  ro le  of f ib r in o g e n  in  th ro m b o sis  an d  blood 
rheo logy  is  th e re fo re  of in te r e s t  to  th e  v a s c u la r  s u rg e o n .
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Summary of Chapter 1
T h ere  is a  h ig h  in c id e n c e  of p e r ip h e ra l  a r te r ia l  d ise a se  in  
the  West of S co tlan d  a s so c ia te d  w ith  a th e ro s c le ro s is .  T he 
e a r lie s t d e s c r ip t io n s  a n d  tre a tm e n ts  of a th e ro s c le ro s is ,  
g a n g re n e  a n d  a n e u ry sm  a re  d e s c r ib e d . T he  s e v e r i ty  an d  
ty p e  of p e r ip h e ra l  a r te r ia l  d ise a se  a re  d e f in e d , in te rm itte n t 
c lau d ica tio n , ischaem ic  r e s t  p a in , g a n g re n e  an d  a n e u ry sm . 
Also th e  ev o lu tio n  o f s u rg ic a l  tre a tm e n t a n d  re c o n s tru c tiv e  
v a sc u la r  s u r g e r y  is  d e s c r ib e d .  T h e  p a th o lo g y , com plications 
and  ae tio lo g y  of a th e ro s c le ro s is  a re  rev ie w e d  in  re la tio n  to  
lip ids a n d  cell a p o p ro te in  r e c e p to r s , p la te le ts , sm ooth 
muscle cells  a n d  m o n o cy tes .
R ecent r e s e a r c h  on th e  s ig n if ic a n c e  of w h ite  cell co u n t an d  
the  m onocyte in  a th e r o g e n e s is , rh e o lo g y , an d  t is s u e  
ischaem ia is  re v ie w e d .
T h ere  is  la ck  of k n o w led g e  of th e  ae tio lo g y  an d  developm ent 
of a th e r o s c le r o s is . Epidem iological s tu d ie s  of f ib r in o g e n  
have d e a lt m ain ly  w ith  ischaem ic h e a r t  d is e a se , b u t  th e re  
a re  clin ica l s tu d ie s  o f sym ptom atic  p e r ip h e ra l  a r te r ia l  
d isease  a n d  th e s e  a r e  re v ie w e d .
The ro le  of f ib r in o g e n  in  th e  developm ent of th e  
a thero m ato u s p la q u e  is  d e s c r ib e d  as  is  i ts  haem o sta tic  an d  
haem orheological im p o rtan ce  in  p e r ip h e ra l  a r te r ia l  d isea se  
and  v a s c u la r  g r a f t  o cc lu sio n .
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F ib rin o g e n  is  a lso  a  d e te rm in a n t of w hole b lood v is c o s ity , 
b y  i ts  e f fe c ts  on p lasm a v is c o s ity  a n d  r e d  cell a g g re g a tio n . 
I t  is p ro g n o s tic  fo r  p r o g r e s s  a n d  d e te r io ra tio n  of p e r ip h e ra l  
a r te r ia l  d is e a s e . I t  is  a lso  im p lica ted  in  th e  ae tio lo g y  of 
a th e ro s c le ro s is .
The tra n s fo rm a tio n  o f f ib r in o g e n  to  f ib r in  is  d e s c r ib e d  a n d , 
also th e  c ro s s - l in k e d  s ta b ilis a t io n  of th e  f ib r in  n e tw o rk  b y  
a c tiv a te d  f a c to r  X III. T he  s u b s e q u e n t f ib r in o ly tic  ac tio n  of 
plasm in d e g ra d e s  in so lu b le  f ib r in  to  so lub le  d e g ra d a tio n  
p ro d u c ts ,  a n d  th e i r  m easu rem en t b y  m onoclonal a n tib o d y  
te c h n iq u e s  p ro v id e s  a  re lia b le , a lb e it in d i r e c t ,  in d e x  of in  
vivo f ib r in  fo rm a tio n .
P rec ise  la b o ra to ry  m ethods a re  now av a ilab le  to  m easu re  r e d  
cell a g g re g a tio n , a n d  a lso  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts  a s  a  m e asu re  of in  v ivo  f ib r in  fo rm atio n . T he 
re la tio n  of th e s e  v a r ia b le s  to  p e r ip h e ra l  a r te r ia l  d ise a se  an d  
plasm a f ib r in o g e n  le v e l is  th e  main to p ic  of th is  th e s is .
Introduction to Aims
In c re a se d  f ib r in o g e n  le v e ls  a r e  p r e s e n t  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d is e a se  (H am er e t  a l . ,  1973; D orm andy e t 
a l . , 1973a), a n d  m ay h av e  ro le s  in  th ro m b o sis  an d
h aem o rh eo lo g y .
In c re a se d  f ib r in o g e n  le v e ls  m igh t cau se  in c re a se d  r e d  cell 
a g g re g a tio n  a n d  cou ld  p rom ote  in c re a s e d  f ib r in  fo rm ation  in  
th e se  p a t i e n t s . T h e se  p o ss ib ili tie s  a re  e x p lo re d  in  c h a p te r
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3 as re d  cell a g g re g a tio n  an d  c ro s s - lin k e d  f ib r in  
d e g ra d a tio n  p ro d u c ts  can  now b e  m easu red  b y  two new  
m e th o d s .
F ib rin o g en  is an  a c u te  p h a s e  re a c tiv e  p ro te in  (C as te ll e t 
a l . , 1988a). In te r le u k in  - 6 (IL -6 ) is  a cy to k in e  w hich 
re g u la te s  th e  h e p a tic  s y n th e s is  of f ib r in o g e n  (a n d  o th e r  
acu te  p h a se  re a c tiv e  p ro te in s )  in  th e  a c u te  p h a se  re sp o n s e  
(C aste ll e t a l. , 1988a). In te r le u k in  - 6 is  p ro d u c e d  b y
lym phoid cells  a n d  b y  e n d o th e lia l c e lls , f ib ro b la s ts  an d  
m acrophages a n d  is  th e  m ost p o te n t in d u c e r  of a c u te  p h a se  
p ro te in  s y n th e s is  in  hum an h e p a to c y te s  (H irano  & 
K ishim oto, 1990; H e in ric h  e t  a l . , 1990). S ince f ib r in o g e n  is 
in c re a se d  in  p e r ip h e ra l  a r te r ia l  d is e a se , th is  ra is e s  th e  
p o ss ib ility  th a t  i t  m ay b e  in c re a se d  b e c a u se  of an  
inflam m atory  p ro c e s s  in  a th e ro sc le ro s is ,  r e g u la te d  b y  
in te r le u k in  - 6. T h is  p o s s ib il i ty  is  e x p lo re d  in  c h a p te r  4 
as in te r le u k in  - 6 can  now be m easu red  b y  a re c e n tly  
in tro d u c e d  a s s a y .
When b lood com es in to  c o n ta c t w ith  a n o n -en d o th e lia l 
su rface  e .g .  co lla g e n , f a c to r  XII is  a c tiv a te d  in it ia tin g  th e  
in tr in s ic  sy s tem  of co ag u la tio n  (F o rb e s  & C o u rtn e y , 1987). 
This r e s u l t s  in  th e  c o n v e rs io n  of f ib r in o g e n  to  f ib r i n . 
F ib rinogen  is  p r e f e r e n t ia l ly  a d s o rb e d  on to  fo re ig n  s u rfa c e s  
(Vroman e t a l. , 1980; F o rb es  & C o u r tn e y , 1987) an d
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th rom bus fo rm atio n  o f te n  o c c u rs  on a th e ro sc le ro tic  p la q u e s  
(D avis & T hom as, 1985). A th e ro sc le ro tic  p la q u e s  m ight a c t 
as a fo re ig n  s u r fa c e  a c t iv a t in g  fa c to r  XII a n d  in i t ia t in g  th e  
in tr in s ic  sy s tem  of co ag u la tio n .
Since i t  is  now p o ss ib le  to  m easu re  lev e ls  of a c t iv a te d  fa c to r  
XII w ith  a  r e c e n t ly  in tro d u c e d  an d  m odified a s s a y ,  th is  is  
ex p lo red  in  c h a p te r  5.
R e c o n s tru c tiv e  v a s c u la r  s u r g e r y  o fte n  in tro d u c e s  p ro s th e t ic  
a r te r ia l  g r a f ts  w h ich  a re  fo re ig n  su r fa c e s  th a t  come in to  
d ire c t c o n ta c t w ith  th e  b lo o d . A ctiv a tio n  of fa c to r  XII in  
re la tio n  to  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  is  a lso  e x p lo re d  
in c h a p te r  5 a n d  i ts  a sso c ia tio n  w ith  f ib r in o g e n  a n d  
c ro s s - lin k e d  F D Ps.
At p r e s e n t  th e r e  is  no p ro v e n  m edical tre a tm e n t to  re d u c e  
th e  r is k  of a r te r ia l  e v e n ts  in  p e r ip h e ra l  a r te r ia l  d is e a s e . 
H owever an  im p ro v ed  m anagem ent m ight b e  o b ta in ed  b y  
p re v e n tin g  th ro m b o s is . I t  is th e re fo re  rea so n ab le  to  
ev alua te  th e  e f fe c ts  o f a n tic o a g u la n t an d  a n tip la te le t  th e ra p y  
on th e  h y p e rc o a g u la b le  s ta te  a n d  abnorm al blood rh eo lo g y  
found in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a s e . Mini 
dose w a rfa r in  h a s  b e e n  show n to  b e  e ffe c tiv e  in  th e  
p re v e n tio n  of v en o u s  th ro m b o sis  (P o lle r e t a l . , 1990) an d  
low dose a s p ir in  rem a in s  p harm aco log ica lly  ac tiv e  in h ib itin g
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t h ro m b o x a n e  A2 w ith o u t in h ib itin g  p ro s ta c y c lin  (H an ley  e t 
a l . ,  1981). S u ch  low d o ses  h av e  minimal s id e  e f fe c ts .  A 
random ised  d o u b le  b lin d  p laceb o  co n tro lled  tr ia l  of low -dose 
a sp ir in  a n d  m inidose w a rfa r in  is  r e p o r te d  in  c h a p te r  6.
In h e a lth , f ib r in  fo rm atio n  a n d  f ib r in o ly s is  a re  m ain ta ined  in  
physio log ical b a la n c e  (N olf, 1908), h ow ever p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  h av e  an  in c re a se d  te n d e n c y  to  
th ro m b o sis . I t is  p o ss ib le  th a t  in h ib itio n  of th e  f ib r in o ly tic  
system  m ight le ad  to  in c re a s e d  f ib r in  fo rm ation  an d  
th rom bosis in  th e s e  p a t i e n t s . T h is  is  a lso  ex p lo re d  in  
c h a p te r  6 as  a  r a p id  in h ib ito r  of p lasm inogen  a c tiv a to r  
(p lasm inogen  a c t iv a to r  in h ib ito r  - PAI) can now be 
m easu red . T h e re  is  a t  p r e s e n t  no p u b lish e d  r e p o r t  on PAI 
levels in  p e r ip h e ra l  a r te r ia l  d is e a se , o r  on th e  e ffe c ts  of 
an tith ro m b o tics  on PAI le v e ls .
In c rea sed  f a c to r  V II le v e ls  h av e  b een  show n to  be an  
im portan t r is k  f a c to r  fo r  ischaem ic h e a r t  d isea se  (M eade e t 
a l . ,  1980, 1986) b u t  i t s  lev e ls  h av e  no t p re v io u s ly  been  
s tu d ie d  in  p e r ip h e ra l  a r te r ia l  d is e a se . W arfarin  is know n to 
red u ce  f a c to r  V II le v e ls  (M eade, 1990).
Von W illebrand f a c to r  is  e s s e n tia l  fo r  p la te le t a g g re g a tio n  
and a d h e s io n . I t  h a s  b een  p re v io u s ly  re p o r te d  to  be 
in c reased  in  p e r ip h e ra l  a r te r ia l  d isea se  an d  may in d ica te  
endo thelia l cell dam age d u e  to  a th e ro sc le ro s is  (C h r is te  e t 
a l . ,  1984).
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The e ffe c ts  of m inidose w a rfa r in  an d  low dose a s p ir in  on 
th ese  fa c to rs  a re  a lso  exam ined  in  c h a p te r  6.
AIMS
The aim of th is  th e s is  is  to  in v e s tig a te  th e  ro le  of
f ib r in o g e n , f ib r in  fo rm atio n  a n d  re d  cell a g g re g a tio n  in
p a tie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a s e .
Aims (C h a p te r  3)
(1) To m e asu re  p lasm a c ro s s - lin k e d  f ib r in
d e g ra d a tio n  p ro d u c ts  a n d  r e d  cell a g g re g a tio n  in
p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  an d  c o n tro ls . 
T h is  is  to  d e te rm in e  if  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts  a n d  r e d  cell a g g re g a tio n  a re  in c re a s e d  in
p e r ip h e ra l  a r te r ia l  d is e a s e , a n d  th e i r  asso c ia tio n  w ith  
p lasm a f ib r in o g e n  lev e l a n d  w hite  cell c o u n t.
(2) To d e te rm in e  if  th e  s e v e r i ty  of ischaem ia o r
ty p e  of a th e ro s c le ro tic  d isea se  (abdom inal a o r tic  
a n e u ry sm ) c o r re la te s  w ith  th e  leve ls  of f ib r in o g e n , 
c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts  o r  r e d  cell 
a g g re g a t io n .
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( 3 ) To e v a lu a te  th e  e f fe c ts  of a g e , s e x , c ig a re tte  
sm ok ing , a n d  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  on 
f ib r in o g e n , c ro s s - l in k e d  F D P 's  a n d  re d  cell 
a g g re g a tio n . P a tie n ts  w ere  follow ed u p  se r ia lly  fo r  
3-12 m onths (m ean 7 m o n th s) in  o rd e r  to  ev a lu a te  th e  
e f fe c ts  of c h a n g e s  in  sm oking  an d  re c o n s tru c tiv e
v a s c u la r  s u r g e r y .
Aims (C h a p te r  4)
(1) To d e te rm in e  if  in te r le u k in -6  leve ls  a re
in c re a s e d  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se .
(2) To d e te rm in e  if  in te r le u k in -6  leve ls  c o rre la te
w ith  th e  in c re a s e d  f ib r in o g e n  level an d  ra is e d  w hite  
blood cell c o u n t fo u n d  in  p e r ip h e ra l  a r te r ia l  d ise a se .
(3) To d e te rm in e  a n y  c o rre la tio n  of in te r le u k in -6
w ith  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts  an d  re d  
cell a g g re g a tio n .
(4) To d e te rm in e  if  in te r le u k in -6  is  in c re a se d  b y
c ig a re tte  sm ok ing  in  p e r ip h e ra l  a r te r ia l  d ise a se .
Aims ( C h a p te r  5)
(1) To d e te rm in e  if  th e re  is  an  in c re a se  in  th e  level 
of a c tiv a te d  F a c to r  XII in  p a t ie n ts  w ith  p e r ip h e ra l 
a r te r ia l  d is e a s e  com pared  to  c o n tro ls .
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( 2 ) To d e te rm in e  if  a c tiv a te d  F a c to r  XII is 
in c re a s e d  b y  in s e r t io n  of p ro s th e t ic  v a sc u la r  g r a f ts .
(3) To f in d  o u t if  a c t iv a te d  F a c to r  XII c o rre la te s
w ith  f ib r in o g e n  lev e l o r  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se .
Aims (C h a p te r  6)
(1) To d e te rm in e  if  low dose  w arfa rin  o r  low dose
a s p ir in  a l te r  th e  h y p e rc o a g u la b le  s ta te  an d  th e  
haem orheo log ica l d is tu rb a n c e  in  p a t ie n ts  w ith  
p e r ip h e ra l  a r te r ia l  d ise a se  (100 p a t ie n ts  w ith  
in te rm itte n t  c la u d ic a tio n ) com pared  to  p laceb o . T h is 
h as  b e e n  c a r r ie d  o u t in  a  p ro sp e c tiv e  random ised
doub le  b lin d  p laceb o  c o n tro lled  t r ia l .
(2) To d e te rm in e  w h a t, if  a n y  s id e  e ffe c ts  o ccu r
w ith  th e s e  d r u g s  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d is e a s e .
(3) To d e te rm in e  th e  lev e ls  of p lasm inogen  a c tiv a to r  
ih ib i to r ,  von  W illebrand  fa c to r  a n t ig e n , an d  fa c to r  VII 
a c t iv i ty  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se .
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CHAPTER 2
Su bjects, Materials and Methods
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Introduction
In th is  C h a p te r ,  th e  s u b je c ts ,  m ate ria ls  an d  m ethods u se d  
and  th e  e x p e rim e n ta l p ro c e d u re s  em ployed a re  o u tlin e d .
T hey  h av e  b e e n  p r e s e n te d  h e re  in  a  s e p a ra te  c h a p te r  to
p re v e n t ,  w h e re  p o s s ib le ,  re p e t i t io n :  m any of th e  te s t s
were p e rfo rm ed  in  each  of th e  in v e s tig a tiv e  c h a p te rs .
In o rd e r  to  overcom e th e  d iv e rs i ty  of rheo log ica l m e thods, 
the  In te rn a tio n a l Com m ittee fo r  S ta n d a rd s  in H aem atology 
have p u b lish e d  g u id e lin e s  (IC S H , 1973, 1984, 1986) fo r
blood sam p lin g , s u b s e q u e n t  sam ple h a n d lin g , an d  
m easurem ent of p lasm a a n d  r e d  blood cell rh eo lo g y . T h ese  
gu ide lines p ro v id e  a  b a s is  fo r  s ta n d a rd is a tio n  an d  im prove 
com parab ility  b e tw e e n  rh eo lo g ica l w ork p e rfo rm e d  in  
d iffe re n t la b o ra to r ie s .  T h e  ex p e rim en ta l w ork  d e sc r ib e d  in  
this th e s is  w as p e rfo rm e d  in  acc o rd an ce  w ith  th e se  
g u id e lin e s .
Control Selection and A ssessm ent
C ontrol s u b je c ts  w ere  n o t on m edication  know n to  be  
rheo log ically  a c t iv e .  T h e y  h ad  no o th e r  se r io u s  illn e sse s  
know n to  in c re a s e  f ib r in o g e n  c o n c e n tra tio n , f ib r in  
d eg rad a tio n  o r  r e d  cell a g g re g a tio n  ( e . g . ,  rheum ato id
a r th r i t i s ,  m a lig n an c y , in fe c tio n )  n o r  ev id en ce  of p e r ip h e ra l 
a r te r ia l ,  c e re b ro v a s c u la r  o r  m yocard ia l d ise a se .
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122 co n tro l s u b je c ts  s e le c te d  from  th e  g e n e ra l p o p u la tio n , 
ho sp ita l s ta f f  a n d  from  h o sp ita l p a t ie n ts  w ith o u t a r te r ia l  
d isease  o r  in flam m ato ry  co n d itio n s  o r m alignancy  had  
m easurem ent of r e d  cell a g g re g a tio n , f ib r in o g e n , p lasm a 
v isc o s ity , h a e m a to c rit , fu ll blood c o u n t, l ip id s , h e ig h t an d  
w eigh t. Sm oking , b o d y  m ass in d e x , ag e  an d  sex  w ere also  
re c o rd e d . A f u r t h e r  231 co n tro l s u b je c ts  in  a random  
sample of th e  g e n e ra l p o p u la tio n  (S c o ttis h  H eart H ealth  
S tu d y ) h ad  p lasm a m easu rem en ts  of c ro s s - lin k e d  f ib r in  
d e g ra d a tio n  p r o d u c ts .  T h ese  231 co n tro ls  w ere ag ed  
betw een  25-64 y e a r s  a n d  w ere  u s e d  to  e s ta b lis h  a more 
con fiden t p o p u la tio n  ra n g e  b e c a u se  of th e  h ig h ly  skew ed  
d is tr ib u tio n  of c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts .  
T hey  w ere  all a sym ptom atic  fo r  a r te r ia l  d ise a se .
Patient Selection and A ssessm ent
All p a t ie n ts  s tu d ie d  w ere  e i th e r  in -p a t ie n ts  o r  o u t-p a t ie n ts  
a t te n d in g  th e  U n it fo r  P e r ip h e ra l V ascu la r S u rg e ry ,  
Glasgow R oyal In f irm a ry . T he U nit is  r e f e r r e d  p a t ie n ts  
from th e  E a s te rn  d is t r i c t  of G re a te r  G lasgow H ealth  B oard  
and  also  from  o th e r  p a r t s  of th e  West of S co tlan d , b e in g  a 
spec ia lised  v a s c u la r  u n i t .
A fu ll c lin ica l h is to r y  a n d  com plete p h y s ic a l exam ination  was 
perfo rm ed  on e v e ry  p a t ie n t ,  w ith  docum entation  of 
p e r ip h e ra l p u ls e s .  T he  p re s e n c e ,  ty p e  a n d  s e v e r i ty  of 
d isease w ere  r e c o rd e d  a n d  d iv id ed  in to  g ro u p s  of 
in te rm itte n t c la u d ic a tio n  (con firm ed  b y  an k le  b ra c h ia l 
p re s s u re  in d e x  (A B PI) le s s  th a n  o r  eq u a l to  0 .9 ) ,  ischaem ic
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r e s t  p a in  (co n firm ed  b y  ABPI le ss  th a n  o r  eq u a l to  0 .4 ) ,  
g a n g re n e , a n d  abdom inal a o r tic  a n e u ry sm . T h is  is in  
acco rd an ce  w ith  th e  s ta n d a rd s  s u g g e s te d  in  r e p o r ts  d ea lin g  
w ith low er e x tre m ity  ischaem ia p re p a re d  b y  th e  Ad Hoc 
Committee on R e p o r tin g  S ta n d a rd s  (1986), S ocie ty  fo r  
V ascu lar S u r g e r y /N o r th  A m erican  C h a p te r , In te rn a tio n a l 
Society  fo r  C a rd io v a sc u la r  S u rg e ry .
P a tien ts  w ere  d ia g n o se d  to  h av e  p e r ip h e ra l  v a sc u la r  d isease  
only w hen th e r e  w ere  c lin ica l sym ptom s as  well as an  ank le  
b rach ia l p r e s s u r e  in d e x  of le ss  th a n ,  o r  eq u a l to  0 .9 . 
R ad io g rap h ic  e v id e n c e  of v a s c u la r  d isea se  was o b ta in ed  
u s in g  a o r to g ra p h y  in  90% of th e  in -p a t ie n ts .  T h is  was 
becau se  m ost in - p a t ie n t s  w ere  ad m itted  w ith  a view to 
re c o n s tru c tiv e  v a s c u la r  s u r g e r y .
Abdominal u l t r a s o u n d  w as u s e d  to  d e te c t th e  p re s e n c e  of 
abdom inal a o r tic  a n e u ry s m . D u rin g  th is  p r e s e n t  s tu d y  
u ltra so u n d  w as p e rfo rm e d  to  d e te rm in e  th e  in c id en ce  of 
abdom inal a o r tic  a n e u ry sm  in  100 p a t ie n ts  w ith  in te rm itte n t 
c laud ica tion  ex am in ed  w ith  a 3 .5  MHz u ltra s o u n d  p r o b e .
Sex, a g e , h e ig h t ,  w e ig h t a n d  b lood p r e s s u r e  w ere  also
2re c o rd e d . B ody  m ass in d e x  w as d e fin e d  as  w e ig h t/h e ig h t 
(k g /m 2) .
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Smoking H ab it
C u rre n t sm ok ing  h a b it  w as m on ito red  in  e v e ry  p a t ie n t 
( c ig a re t te s ,  c ig a r s ,  p ip e  to b a c c o ) . If a p a t ie n t had
s to p p ed  sm oking  fo r  m ore th a n  one m onth  he  was co n s id e re d  
to be an  e x -s m o k e r , o th e rw ise  he was c o n s id e re d  a c u r r e n t  
sm oker. T he  q u a n t i ty  of c ig a re tte s  o r  tobacco  sm oked p e r  
day  w as r e c o rd e d  ( le s s  th a n  20 c ig a re tte s  p e r  d ay  o r 20 
c ig a re tte s  o r  m ore p e r  d a y ) . C arboxyhaem oglob in  leve ls  
w ere m e asu re d  in  all p a t ie n ts  to  e s ta b lish  w h e th e r  o r  no t 
they  w ere  t r u th f u l  a b o u t th e i r  sm oking  h a b it e v e ry  time
th a t b lood w as sam p led . A carboxyhaem og lob in  level of le ss  
th an  2.5% w as u s e d  to  confirm  th a t  th e  p a t ie n ts  w ere
ex -sm o k ers  o r  n o n -sm o k e rs . A carboxyhaem og lob in  level of 
2.5% o r g r e a te r  in d ic a te d  th a t  th e  p a t ie n ts  w ere  c u r r e n t  
sm okers (R u s se ll ,  1982).
Blood Sampling
A p la s tic  s y r in g e  a n d  19 g au g e  need le  w ere  u se d  to  co llect 
blood. A r u b b e r  to u rn iq u e t  was ap p lied  a ro u n d  th e  u p p e r  
arm to  g e n e ra te  a  fu ll v e in  in  th e  a n te c u b ita l fo ssa  w hich  
was th e n  p u n c tu re d .  T h e  to u rn iq u e t  was th e n  re le a se d  an d  
the  blood co llec ted  ( th e  u se  of a to u rn iq u e t  h as  b een  show n 
to in d u ce  s ta s is  w h ich  le ad s  to  h aem o co n cen tra tio n  (L ew is, 
1982) an d  to  re le a s e  of en d o th e lia l t is s u e  p lasm inogen
a c tiv a to r  (L ev in  e t a l. , 1984).
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Sample H andling
For th e  la b o ra to ry  m easu rem en ts  of h aem o rh eo lo g y , fu ll 
blood c o u n t, p la te le t  c o u n t a n d  carb o x y h aem o g lo b in , 4 mis 
of blood w ere  a d d e d  to  tu b e s  c o n ta in in g  0 .1  ml of liqu id  
d ipo tassium  e d e ta te  (ED TA , S tey n e  L a b o ra to r ie s , L td ) 
g iv ing  a fin a l c o n c e n tra tio n  of 1 .5  m g/m l b lood . EDTA 
p re v e n ts  th e  th ro m b in  m ed ia ted  co n v e rs io n  of f ib rin o g e n  to 
fib rin  b y  s e q u e s te r in g  f re e  calcium  io n s . T h is  
co n ce n tra tio n  of EDTA w as ch o sen  b eca u se  of i ts  minimal 
e ffec t on r e d  cell m o rpho logy  an d  plasm a an d  whole blood 
v isco s ity  (H a rk n e s s ,  1971; W introbe e t a l . , 1981). EDTA is 
recom m ended fo r  m easu rem en t of b lood v isc o s ity  an d  re d  
cell a g g re g a tio n  (IC S H , 1986; M yrenne A g g reg o m eter 
M anual). T he  EDTA blood was s to re d  a t  la b o ra to ry  
te m p e ra tu re  (2 0 -2 5 °C ) u n ti l  m easu rem en t of whole blood 
v isc o s ity , r e d  cell a g g re g a tio n  a n d  h aem ato c rit w ere 
p erfo rm ed . T h e  sam ples w ere  m ixed on a  ro ta t in g  an d  
g en tly  o sc il la tin g  o b liq u e  w heel m ixer to  p re v e n t p h a se  
s e p a ra t io n .
H aem orheological m e asu rem en ts  of w hole blood v is c o s ity , r e d  
cell a g g re g a tio n , a n d  h em a to c rit w ere  p e rfo rm ed  w ith in  s ix  
h o u rs  of sam ple co llec tion  - u su a lly  w ith in  two h o u rs . 
Plasma v is c o s ity  w as p e rfo rm e d  w ith in  48 h o u rs  - u su a lly  
w ithin s ix  h o u r s .
E D T A -an ticoagu la ted  b lood  fo r  p lasm a v isc o s ity  was 
c e n tr ifu g e d  a t  la b o ra to ry  te m p e ra tu re  (2 0 -2 5 °C) a t 2,500 g  
fo r 10 m in u te s . A p p ro x im a te ly  2 mis of p lasm a was
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a sp ira te d  w ith  a p la s t ic  P a s te u r  p ip e tte  an d  s to re d  in  a 
small s to p p e re d  p la s t ic  tu b e  a t  la b o ra to ry  te m p e ra tu re . As 
recom m ended b y  H a rk n e s s ,  all sam ple tu b e s  w ere s to p p e re d  
th ro u g h o u t sam p lin g  to  p r e v e n t  ev a p o ra tio n  w hich  in c re a se s  
plasm a v is c o s ity  (H a rk n e s s ,  1971).
One tu b e  of EDTA blood  w as s e n t  to  th e  D epartm en t of 
H aem atology, G lasgow  R oyal In f irm a ry  fo r  a fu ll blood co u n t 
and  p la te le t c o u n t ( C o u lte r  S C o u n te r ) .
For th e  la b o ra to ry  m e asu re m en ts  of coagu la tion  (f ib r in o g e n , 
c ro ss lin k ed  f ib r in  d e g ra d a tio n  p ro d u c ts ,  fa c to r  X II, 
a c tiv a ted  p a r t ia l  th ro m b o p la s tin  tim e, p ro th ro m b in  tim e, 
p lasm inogen a c t iv a to r  in h ib i to r ,  von  W illebrand f a c to r ,  an d  
fac to r  V II) 9 mis of b lood  w ere  a d d e d  to  a  p o ly s ty re n e  tu b e  
co n ta in in g  1 ml of tr iso d iu m  c i tr a te  (0 .109  M ). T he c i tra te  
tu b es  w ere  f r e s h ly  p r e p a r e d  a n d  s to re d  a t  4 °C . D u rin g  
sam pling th e y  w ere  s to re d  in  a b u c k e t of m elting  ice (4 
°C ). Each tu b e  w as c h e c k e d  b e fo re  u se  to  make s u re  th a t  
no leakage  o r  e v a p o ra tio n  of a n tic o a g u la n t h ad  o c c u rre d . 
A fter v e n e se c tio n  th e  sam ple tu b e s  w ere  sea led  an d  g e n tly  
m ixed. T h e  c i t r a te d  b lood  was c e n tr ifu g e d  a t  4 °C a t 
2,500g fo r  10 m in u tes  a n d  th e  plasm a s e p a ra te d  fo r  
m easu rem en t.
Plasma s e p a ra te d  fo r  f ib r in o g e n , c ro s s lin k e d -f ib r in  
d e g rad a tio n  p r o d u c ts ,  f a c to r  X II, PAI an d  von W illebrand 
fac to r w ere  s to r e d  in  sm all s to p p e re d  p la s tic  tu b e s  a t 
~20°C. M easu rem en ts  w ere  th e n  done in  b a tc h e s  a t  a la te r
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s ta g e . M easu rem en ts  of a c tiv a te d  p a r tia l  th ro m b o p la s tin  
time (A PT T ) a n d  p ro th ro m b in  time (P T ) w ere m easu red  
im m ediately. F a c to r  VII w as m easu red  w ith in  7 d a y s .
Blood o b ta in ed  fo r  th e  m easu rem en t of In te r le u k in -6  (IL -6 ) 
and  C -R eac tiv e  p ro te in  (C R P ) an d  a lp h a -2-m acrog lobu lin  
was a d d e d  to  a  10 ml g la ss  tu b e  th a t  co n ta in ed  no 
a n tic o a g u la n t, a n d  w as c e n tr ifu g e d  a t  2 ,500 g  fo r  10 
m inutes a n d  th e  se ru m  s to re d  in  a small s to p p e re d  p la s tic  
tu b e  a t  -20 °C .
Blood fo r  lip id  m easu rem en t ( to ta l c h o le s te ro l, h ig h  d e n s ity  
lip o p ro te in  c h o le s te ro l a n d  to ta l tr ig ly c e r id e )  was a d d ed  to  a 
10 ml g la ss  tu b e  th a t  c o n ta in e d  no a n tic o a g u la n t a n d  s e n t to  
the  U n iv e rs ity  D ep a rtm en t of P atho log ical B io ch em istry , 
Glasgow R oyal In f irm a ry .
LABORATORY METHODS
(1) Coagulation
Blood co ag u la tio n  m easu rem en ts  an d  tim es w ere 
p e rfo rm e d  u s in g  th e  U n iv e rs ity  D epartm en t of 
M edicine s C oag u la tio n  L a b o ra to ry  s ta n d a rd  m ethods. 
D u rin g  th e  p e r io d  of s tu d y  th e  la b o ra to ry  s 
p e rfo rm a n c e  of th e s e  t e s t s  was s a t is fa c to ry  ac c o rd in g  
to  th e  N ational E x te rn a l Q u a lity  C on tro l A ssu ra n c e  
Schem e (N EQ A S).
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Measurement of Fibrinogen, Activated Partial
Thromboplastin Time, Prothrombin Time, and Factor 
VII
F ib r in o g e n , a c t iv a te d  p a r t ia l  th ro m b o p la s tin  tim e, 
p ro th ro m b in  tim e a n d  f a c to r  VII w ere  m easu red  w ith  a 
C oag-A -M ate X2 au to m ated  coagu lom eter (G en era l 
D ia g n o s tic s , W arn e r-L am b ert C om pany, M orris P la in s , 
New J e r s e y ,  U SA ).
P lasm a f ib r in o g e n  c o n c e n tra tio n  w as m easu red  b y  th e  
s ta n d a rd  C la u ss  a s s a y  w ith  re a g e n ts  an d  s ta n d a rd s  
from  O rg an o n  T e k n ik a . T he A PTT was m easu red  
u s in g  r e a g e n ts  from  O rg an o n  T e k n ik a . T he 
p ro th ro m b in  tim e w as m e asu re d  u s in g  th e  M an ch este r 
r e a g e n t .  F a c to r  VII w as m easu red  u s in g  th e  te c h n iq u e  
d e s c r ib e d  b y  P o lle r e t  a l. (1987).
Measurement of cross-lin k ed  FDPs
M easu rem en t of c ro s s - l in k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts  w as m ade u s in g  th e  "D im er T e s t" ,  Enzym e 
L inked  Im m unoassay  (ELISA ; A gen USA In c , 
C a l ifo rn ia ) .
P rin c ip le
A D -d im er sp e c if ic  c a p tu re  m onoclonal an tib o d y  
(D D -36) w h ich  r e a c ts  o n ly  w ith  D -d im er an d  re la te d  
h ig h  m o lecu la r w e ig h t d e r iv a t iv e s , was u se d  to  m easure  
D -d im er c o n c e n tra tio n  in  p lasm a.
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T he D -d im er sp e c if ic  c a p tu re  m onoclonal a n tib o d y  is 
b o n d e d  to  a p o ly s ty re n e  s tr ip w e ll p la te  an d  r e a c ts  w ith  
p lasm a D -d im er. A T a g  m onoclonal a n tib o d y  (DD-4D2) 
c o n ju g a te d  to  h o r s e r a d is h  p e ro x id a se  (HRPO) th e n  
b in d s  to  th e  D -d im er, a n d  is  co lou red  w hen 2 ,2  
az in o b is  (3 -e th y l  b en z th iaz o lin esu lfo n ic  ac id ) a n d  
h y d ro g e n  p e ro x id e  a re  a d d e d . T he co lour d ev eloped  
is re a d  b y  a b s o rb a n c e  s p e c tro m e try .
P ro c e d u re
B u ffe r  so lu tio n  (5 m is, Tw een 20, 40% v /v  an d
P h o sp h a te  B u f fe r  S a lts  in  1 l i t r e  of d is tille d  w a te r)  
an d  s ta n d a r d  d ilu tio n s  of D -d im er w ere  p re p a re d  
im m ediately  b e fo re  each  a s s a y .
25 m ic ro litre s  of p lasm a from  sam ples , an d  25 
m ic ro litre s  of s ta n d a r d s  w ere  in c u b a te d  fo r  one h o u r  in  
s tr ip w e lls  co a ted  w ith  th e  D -d im er sp ec ific  c a p tu re  
m onoclonal a n t ib o d y  a n d  100 m icro litres  of b u f fe r  
so lu tio n . T h e  w ells w ere  th e n  th o ro u g h ly  w ash ed  w ith  
b u f f e r  f o r  th r e e  m in u tes  an d  em ptied . 50 m icro litres  
of r e c o n s t i tu te d  T a g  a n tib o d y  was ad d ed  to  each  well 
an d  in c u b a te d  fo r  one h o u r .  T he wells w ere w ashed  
ag a in  w ith  b u f f e r  so lu tio n  fo r  th re e  m inu tes an d  
em p tied . 100 m ic ro litre s  of ABTS s u b s t r a te  a c tiv a te d  
w ith  h y d ro g e n  p e ro x id e  w as a d d e d  to  each  well fo r  15 
m inu tes to  allow  co lo u r dev e lo p m en t. 50 m icro litres  of 
s to p p in g  r e a g e n t  w as th e n  a d d e d  to  s to p  th e  reac tio n  
(se e  P la te  2 ) .
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P late 2
Stripw ell p late for m easurem ent o f  cross linked fibrin  
d egrad ation  p rod u cts.
The co lour d ev e lo p ed  w as r e a d  b y  a b so rb a n c e  sp e c tro m e try  
a t 405 nm . T h e  o p tica l d e n s ity  is re la te d  to  th e  
co n ce n tra tio n  of D -d im er (c ro s s - l in k e d  F D P 's ) .  T h is  was 
ca lcu la ted  from  th e  s ta n d a rd  c u rv e  fo r  each  sam ple (see  
F igu re  2 .1 ) .  Two m easu rem en ts  w ere  made of each  sam ple 
and an  a v e ra g e  v a lu e  o b ta in e d .
Plasminogen A ctivator Inhibitor A ctivity (PAI)
PAI a c t iv ity  w as m e a su re d  u s in g  a chrom ogenic s u b s t r a te  
a ssay  w ith  a k i t  from  K abi D iag n o s tica , Epsom , S u r re y .
Von Willebrand Factor
Von W illebrand F a c to r  w as m e asu re d  b y  an  ELISA te c h n iq u e  
(Daco L td , H igh  W ycom be, B u c k s , U K ).
( 2 ) Rheology
Red cell aggregation
R ed cell a g g re g a tio n  w as m e asu red  p h o to m etrica lly  
u s in g  a n  au to m ate d  M yrenne MAI A g g reg o m eter 
(M yrenne GMBH, R o e tg en , West G erm any. 
S ch m id -S ch o n b e in  e t  a l . , 1982). M easurem ent is  b a se d  
on th e  l ig h t  tr a n s m it t in g  p ro p e r t ie s  of a g g re g a tin g  
su sp e n s io n s  w h ich  w ere  d e s c r ib e d  as e a r ly  as 1935 an d  
h av e  s in c e  b e e n  con firm ed  b y  a nu m b er of g ro u p s  









F igure 2 .1
Typical standard curve in the measurement of cross linked fibrin degradation 
products. The optical density is related to the concentration of D-dimer 
(cross linked fibrin degradation products)
T h e  M yrenne a g g re g o m e te r  c o n s is ts  of a t r a n s p a r e n t  
p e r s p e x  cone a n d  p la s t ic  p la te  ro ta tio n a l v isco m ete r. 
T he p la te  is  f ix e d  in  p o s itio n . S h e a rin g  of th e  sam ple 
is  a c h ie v e d  b y  ro ta t in g  th e  cone. I n f r a - r e d  lig h t 
tr a n s m itte d  th ro u g h  th e  sam ple is m easu red  b y  a 
p h o to m e te r  w h ich  p ro d u c e s  p h o to v o ltag es  p ro c e s se d  in  
th e  m ic ro p ro c e s so r  u n it  w ith in  th e  m achine. T he cone 
p a r t  of th e  v isc o m e te r  r o ta te s ,  a c h ie v in g  h ig h  s h e a r  
r a te s  of a b o u t 600 s  ^ f o r  10 seco n d s  an d  th e n  s to p s . 
T h is  d is r u p ts  a n y  a g g re g a te s .  D u rin g  th e  p h a se  of 
h ig h  s h e a r  th e  r e d  cells  a re  defo rm ed  a n d  a lig n  w ith  
flow s tre a m lin e s . D u r in g  th e  fiv e  seco n d s  of th e  s ta t ic  
p h a se  th e r e  is  an  in c re a se  in  l ig h t tra n sm iss io n  
th ro u g h  th e  sam ple a s  r e d  cell a g g re g a tio n  o ccu rs  a t 
s ta s is .  T h is  in c re a s e  in  l ig h t tran sm iss io n  is m easu red  
p h o to m e trica lly  ( s e e  P la te  3 ).
P ro c e d u re
P r io r  to  in t ro d u c in g  th e  sam ple th e  in te n s i ty  of th e  
lig h t s o u rc e  t ra n s m itte d  th ro u g h  th e  c lean ed  cone an d  
p la te  w ere  lo g g e d  w ith  th e  cham ber c lo sed , an d  s to re d  
b y  p r e s s in g  th e  'A ' (A d ju s t)  k e y . Once th is  p ro c e s s  
was com pleted  25 m ic ro litre s  of th e  blood sam ple to  be  
te s te d  w ere  p ip e t te d  on to  th e  c e n tre  of th e  cone. T he 
p la te  w as th e n  low ered  in to  p o s itio n  b y  c lo sin g  th e  
c o v e r . T h e  ’M’ mode k e y  w as p r e s s e d .  T h is  re s u lte d  
in  a s h e a r  r a te  of 600 s  ^ fo r  10 se c o n d s , d is p e rs in g  
a n y  r e d  b lood  cell a g g re g a te s .  T h is  m eant th a t  all
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Plate 3
M yrenne P h otom etr ic  A ggregom eter for m easurem ent o f red cell 
a g g r e g a tio n .
m easu rem en ts  w ere  p e rfo rm e d  from  a zero  a g g re g a tio n  
b a s e lin e . T h e  in c re a s e  in  lig h t tra n sm iss io n  was th e n  
m e asu re d  o v e r  a f iv e  seco n d  p e rio d  of s ta s is .  T he 
in c re a se  in  l ig h t  tra n sm iss io n  was in te g ra te d  b y  th e  
m ic ro p ro c e sso r  u n i t  a n d  d isp la y e d  d ig ita lly  as a 
d im en sio n less  a g g re g a tio n  in d e x . T he a g g re g a tio n  was 
m e asu re d  tw o tim es fo r  each  sam ple; an  a v e ra g e  was 
l ik e n  of th e  d u p lic a te  r e a d in g s . If  th e se  d id  no t 
a g re e  to  w ith in  0 .5  u n i ts  th e  sam ple was rem oved  and 
th e  m e asu rem en t re p e a te d  u n ti l  two m easu rem en ts 
a g re e d  w ith in  0 .5  u n i t s .  T he  v a lu e  of th e  a g g re g a tio n  
in d e x  w as te rm e d  th e  m ean e x te n t  of a g g re g a tio n  
(M EA ). T h e  MEA w as fo u n d  to  b e  c o n s is te n t fo r  u p  to  
e ig h t s e q u e n tia l  r e a d in g s  on th e  same sam ple. T h is  
m eant th a t  m e asu re m en ts  cou ld  b e  made w ith o u t h a v in g  
to  re p la c e  th e  t e s t  sam ple .
T he m e a su r in g  sy s tem  w as c lean ed  w ith  d is tille d  w a te r  
an d  d r ie d  w ith  t i s s u e  b e fo re  a n o th e r  sam ple could  be  
m e a s u re d . R ed  cell a g g re g a tio n  was m easu red  a t 
n a tiv e  h a e m a to c rit s in ce  MEA is re la tiv e ly  c o n s ta n t 
o v e r th e  h a e m a to c rit r a n g e  of 0 .3 -0 .5  e x c e p t a t  v e ry  
h ig h  f ib r in o g e n  c o n c e n tra tio n s  (M yrenne A g g reg o m eter 
M an u a l) . P re v io u s  s tu d ie s  of r e d  cell a g g re g a tio n  in  
norm als a n d  d ia b e tic s  a t  b o th  n a tiv e  h aem a to c rit, an d  
a t a s ta n d a r d  h a e m a to c rit of 0 .4  show ed no s ig n if ic a n t 
d iffe re n c e  in  c lin ica l s i tu a tio n s  (M acR ury , 1990).
112
Plasm a V isco s ity  a n d  Whole Blood V iscosity
Plasm a v is c o s ity  a n d  whole blood v isc o s ity  w ere 
m easu red  a t  37 °C a n d  a t h ig h  s h e a r  r a te s  w ith  a 
C o u lte r -H a rk n e s s  sem i-au tom atic  c a p illa ry  v isco m eter 
(C o u lte r  E lec tro n ic s  L im ited , H a rp e n d e n ,
H e r t fo rd s h ir e ) .  T h is  in s tru m e n t is  p r e f e r r e d  b eca u se  
of i ts  c o n s ta n t  p r e s s u r e  h e a d , a c c u ra te  m easurem en t 
(e x p e rim e n ta l e r r o r  le ss  th a n  1% - H a rk n e s s , 1971), 
r e p ro d u c ib il i ty  (CV le ss  th a n  1%) an d  sp e e d  of 
m easu rem en t (H a rk n e s s ,  1981; Lowe, 1987 b ) .  (See 
P la te  4 ) .
T he p lasm a o r  w hole b lood  sam ple was w arm ed to  37 °C 
th e n  p ip e t te d  in to  a  sm all c u p . T he sam ple was th e n  
d raw n  th ro u g h  a  c a p illa ry  tu b e  u s in g  a c o n s ta n t h ead  
of p r e s s u r e  (m e rc u ry  h e a d ) .  T he time ta k e n  fo r  th e  
p lasm a o r  b lood  to  flow th ro u g h  th e  tu b e  w as re c o rd e d  
e le c tro n ic a lly  a s  th e  m en iscus moves b e tw een  two 
e le c tro d e s . T h e  m ovem ent a c tiv a te s  an  e lec tro n ic  
tim er. T h e  v e lo c ity  of flow was d e te rm in ed  b y  
m e a su rin g  th e  tim e fo r  th e  m e rc u ry  m eniscus m oving in  
a c a p illa ry  p a ra lle l  w ith  th e  sam ple to  p a s s  be tw een  
two e le c tro d e s .  T h is  a c t iv a te s  an  e lec tro n ic  tim er.
T he v isc o m e te r  w as c a l ib ra te d  da ily  w ith  s ta n d a rd  
v isc o s ity  so lu tio n s  a n d  th e  te m p e ra tu re  of m easurem en t 
ch ec k ed .
C o rre c te d  v is c o s ity  is  w hole blood v isc o s ity  c o rre c te d  
to a s ta n d a r d  h a e m a to c rit of 0 .4 5 . T h is  was ca lcu la ted
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P late  4 C ou lter  V iscom eter.
u s in g  th e  fo rm u la  of M atrai e t a l. (1987). C o rre c te d  
v is c o s ity  a s s e s s e s  th e  c o n tr ib u tio n s  of fa c to rs  o th e r  
th a n  h a e m a to c rit to  b lood v is c o s ity .
Haematocrit
H aem atocrit w as m e asu re d  b y  th e  H aw ksley 
m icro h aem ato crit m ethod  (H aw ksley  & S ons, L an c in g , 
S u s s e x ) . T h is  is  w idely  u se d  in  c lin ica l p ra c tic e  an d  
a c c o rd s  w ith  th e  ICSH recom m endations (IC SH , 1986).
Well m ixed b lood  w as d raw n  u p  from  a 4 mis EDTA 
tu b e  in to  tw o d u p lic a te  1 mm d iam ete r g la ss  c a p illa r ie s . 
One e n d  of e a c h  c a p illa ry  tu b e  was sea led  o v e r a 
B u n sen  flam e. T h e  c a p illa ry  tu b e s  w ere th e n  p laced  
in  th e  H aw ksley  M ic ro ce n trifu g e  an d  c e n tr ifu g e d  a t  
13,000 g  fo r  f iv e  m in u te s . T he h aem ato c rit was th e n  
re a d  a s  a  p e rc e n ta g e  ra tio  of th e  h e ig h t of th e  r e d  cell 
p ack  to  th a t  of th e  w hole sam ple. No c o rre c tio n  was 
made fo r  p lasm a tr a p p in g .  D up licate  re a d in g s  a g re e d  
to  w ith in  1%. An a v e ra g e  v a lue  was ta k e n  to  th e  
n e a re s t  p e r c e n ta g e ;  m easu rem en t was made a t  
la b o ra to ry  te m p e ra tu re  (20-25 ° C ) .
(3) Full Blood Count and Platelet Count
Full b lood  c o u n t a n d  p la te le t  co u n t w ere  m easu red  in  
th e  D ep a rtm e n t of H aem atology, G lasgow Royal 
In firm a ry  (C o u lte r  S C o u n te r ) .
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(4 ) Lipids
Serum  lip id s  w ere  m e asu re d  in  th e  U n iv e rs ity  
D ep artm en t of P a th o lo g ica l B io ch em istry , G lasgow Royal 
In f irm a ry . T o ta l c h o le s te ro l a n d  tr ig ly c e r id e  w ere 
m e asu red  on a  H itach i 717 au tom atic  a n a ly se r  u s in g  
B o e h r in g e r  M annheim  (UK L td ) enzym atic  r e a g e n ts .  
HDL c h o le s te ro l w as m e asu re d  b y  p re c ip ita tio n  of th e  
ap o lip o p ro te in  B c o n ta in in g  lip o p ro te in , u s in g  h e p a r in  
m an g an ese . HDL c h o le s te ro l in  th e  rem ain in g  
s u p e rn a ta n t  w as th e n  m easu red  on th e  H itach i 717 
au tom atic  a n a ly s e r  w ith  B o e h rin g e r  M annheim (UK L td ) 
r e a g e n t s .
(5) Carboxyhaemoglobin Measurement
C arb o xyhaem og lob in  w as m easu red  on EDTA 
a n tic o a g u la te d  b lood  in  a  C O -O xim eter 282 
( In s tru m e n ta tio n  L a b o ra to ry , L ex in g to n , USA) in  th e  
U n iv e rs ity  D ep a rtm en t of P a tho log ica l B ioch em istry , 
G lasgow  R oyal In f irm a ry .
The m eth o d s fo r  th e  m easu rem en t of in te r le u k in -6 , 
C -re a c tiv e  p ro te in ,  a lp h a -2 -m a c ro g lo b u lin , an d  F ac to r 
XII a re  d is c u s s e d  s e p a ra te ly  in  C h a p te rs  4 an d  5.
Ankle Brachial P ressure Index
T he an k le  b ra c h ia l  p r e s s u r e  in d e x  (A B PI) c o rre la te s  
w ith  th e  s e v e r i ty  of ischaem ia (Yao e t a l . , 1969; Yao, 
1973). S u b je c ts  w ere  r e s te d  fo r  a t  le a s t five  m in u tes . 
T he b ra c h ia l ,  a n te r io r  tib ia l a n d  p o s te r io r  tib ia l a r te r y
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systo lic  b lood  p r e s s u r e s  w ere  m e asu re d  w ith  a s ta n d a rd  
sphygm om anom eter a n d  a  Sonicaid  Blood V elocim eter (B o g n o r 
R eg is, UK) u s in g  a n  8 MHz d o p p le r  p ro b e . T he  ABPI was 
ca lcu la ted  in  b o th  low er lim bs u s in g  th e  h ig h e s t  tib ia l 
a r te ry  p r e s s u r e  d iv id e d  b y  th e  b ra c h ia l a r t e r y  p r e s s u r e .  
The limb w ith  th e  low est ABPI was u s e d  fo r  a s se ssm e n t of 
s e v e r ity  of isch aem ia  in  a n y  in d iv id u a l p a t ie n t .
Statistics
S ta tis tic a l a n a ly se s  w ere  p e rfo rm e d  b y  m yself on an  A m strad  
PC 2086 u s in g  a  S ta tg ra p h ic s  p rogram m e (P lu s  Ware STSC 
Inc , USA) a n d  in  co llab o ra tio n  w ith  G D M u rray , S en io r 
L e c tu re r  in  M edical S ta t is t ic s ,  U n iv e rs ity  of G lasgow , 
D epartm ent of S u r g e r y ,  G lasgow  R oyal In f irm a ry . 
S ta tis tic a l a n a ly se s  in  C h a p te r  6 w ere p e rfo rm e d  in  
co llaboration  w ith  T he  D ep artm en t of S ta t is tic s  an d  
Community M edicine, U n iv e rs ity  of E d in b u rg h .
U nless o th e rw ise  s ta te d  all g ro u p e d  d a ta  in  th is  th e s is  a re  
e x p re s se d  as  th e  m ean a n d  s ta n d a rd  d ev ia tio n  as  m ost 
variab les  a p p e a re d  n o rm ally  d is t r ib u te d .  In  C h a p te rs  3, 4 
and 5 e x c e p tio n s  w ere  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts , r e d  cell a g g re g a tio n , in te r le u k in -6 , an d  F ac to r  
XII w hich  w ere  n o t no rm ally  d is t r ib u te d .  In C h a p te r  6, 
plasm inogen a c t iv a to r  in h ib i to r ,  von  W illebrand f a c to r ,  
fac to r V II, p ro th ro m b in  tim e, f ib r in o g e n , c ro s s  lin k ed  
FDPs, r e d  cell a g g re g a tio n , p la te le t co u n t an d  
carboxyhaem oglob in
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wore n o t n o rm ally  d is t r ib u te d .  When th e re  was a 
s ta t is t ic a lly  s ig n if ic a n t d if fe re n c e  be tw een  g ro u p s  th e  
p -v a lu e  is  g iv e n . S ig n ifican ce  in  th e  t e s t  is  d isp la y ed  
as a p ro b a b il i ty  v a lu e  (p < 0 .0 5 , 0 .01 o r  0 .001) i . e .  th e  
level a t  w h ich  th e  n u ll h y p o th e s is  can  be  r e je c te d . 
C o n v en tio n a lly , p ro b a b il i ty  v a lu es  g r e a te r  th a n  0.05 
a re  c o n s id e re d  s ta t is t ic a l ly  n o n -s ig n if ic a n t.  S ince th e  
g ro u p s  a p p e a re d  to  b e  no rm ally  d is tr ib u te d  fo r  most 
v a r ia b le s  th e  S tu d e n t 's  ' t ' - t e s t  was u su a lly  em ployed 
fo r  th e  co m parison  of two g ro u p s  w here  in d ic a te d . 
T he 95% c o n fid e n ce  in te rv a ls  fo r  d if fe re n c e s  a re  g iven  
w here  a p p ro p r ia te .  W here v a r ia b le s  w ere n o t norm ally  
d is t r ib u te d ,  lo g a rith m ic  tra n s fo rm a tio n  o r
n o n -p a ra m e tr ic  m ethods w ere  u s e d .
T he S p e a rm a n 's  r a n k  c o rre la tio n  was u se d  to  show  
asso c ia tio n s  b e tw ee n  two v a r ia b le s . T h is  c o rre la tio n  is 
le ss  s e n s i t iv e  to  o u tl ie rs  th a n  th e  P ea rso n  co rre la tio n  
m ethod a n d  is  a p p ro p r ia te  fo r  n o n -p a ra m e tr ic  d a ta . 
T he S p e a rm a n 's  r a n k  c o rre la tio n  ra n g e s  from  1 to  -1 . 
A zero  c o rre la tio n  in d ic a te s  th a t  no asso c ia tio n  e x is ts  
(n u ll h y p o th e s i s ) .  A n e g a tiv e  c o rre la tio n  in d ic a te s  an  
in v e rs e  c o r re la tio n .
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CHAPTER 3
Fibrin Degradation P roducts, Red Cell Aggregation and 
Fibrinogen in Peripheral Arterial D isease.
118
I N T R O D U C T I O N
Throm bosis is  an  im p o rta n t f e a tu r e  of p e r ip h e ra l  a r te r ia l  
d isease . R ece n t w ork  h a s  s u g g e s te d  th e  im portance  of 
blood rh e o lo g y  in  p e r ip h e ra l  a r te r ia l  d is e a se . I t h as  b een  
shown th a t  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isease  h av e  
in c re a sed  f ib r in o g e n ,  in c re a s e d  blood v is c o s ity , in c re a se d  
w hite cell c o u n t a n d  a  h ig h e r  h aem ato c rit com pared  to  th e  
normal p o p u la tio n  (D o rm an d y  e t a l . ,  1973a; A lderm an e t 
a l . ,  1981).
At low s h e a r  r a te s  r e d  cell a g g re g a tio n  d is ru p ts  flow 
stream lines a n d  g r e a t ly  in c re a s e s  w hole blood v isc o s ity  
(F a h ra e u s , 1958). F ib r in o g e n  is th e  p r e c u r s o r  of f ib r in ,  
and also  th e  m ost im p o rta n t r e d  cell a g g re g a tin g  plasm a 
p ro te in . T h e  m easu rem en t of c ro s s - lin k e d  f ib r in  
d eg rad a tio n  p ro d u c ts  a n d  r e d  cell a g g re g a tio n  in  p e r ip h e ra l  
a r te r ia l d ise a se  h a s  n o t b e e n  p re v io u s ly  r e p o r te d .  I t is  
now p o ss ib le  to  m e asu re  th e  p lasm a levels  of c ro s s - lin k e d  
FDP s w ith  a  sp e c if ic  m onoclonal a n tib o d y  te s t .  
C ro ss-lin k ed  FDP s a re  m a rk e rs  of in -v iv o  f ib r in  fo rm ation . 
It is a lso  now p o ss ib le  to  m easu re  r e d  cell a g g re g a tio n  
u s in g  a new  m ethod  w ith  a  M yrenne p ho tom etric  
ag g reg o m ete r (S ee  C h a p te r  2 ) .
This c h a p te r  d e s c r ib e s  m easu rem en ts  of c ro s s - lin k e d  f ib r in  
d eg rad a tio n  p ro d u c ts  a n d  r e d  cell a g g re g a tio n  w hich  w ere 
perform ed in  118 p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se ,
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com pared to a c o n tro l p o p u la tio n . T h is  was to  d e te rm in e  if 
th e ir  lev e ls  a re  in c re a s e d  in  p e r ip h e ra l  a r te r ia l  d is e a se , an d  
th e ir  a sso c ia tio n  w ith  p lasm a f ib r in o g e n . P ossib le  cau ses  
fo r th e  in c re a s e d  p lasm a f ib r in o g e n  lev e l fo u n d  in  p a t ie n ts  
w ith p e r ip h e ra l  a r te r ia l  d ise a se  w ere  a lso  exam ined .
100 of th e se  p a t ie n ts  w ere  se r ia l ly  follow ed u p  fo r  3-12 
m on ths , to  d e te rm in e  th e  e f fe c ts  of ch an g e s  in  c ig a re tte  
sm oking an d  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  on f ib r in o g e n , 
c ro s s - lin k e d  f ib r in  d e g ra d a tio n  p ro d u c ts ,  r e d  cell 
ag g reg a tio n  a n d  o th e r  b lood  fa c to rs  of coagu la tion  an d  
rheo logy .
Aims
1 To m e asu re  b y  tw o new  te c h n iq u e s ,  c ro s s - lin k e d  f ib r in  
d e g ra d a tio n  p ro d u c ts  a n d  re d  cell a g g re g a tio n  in  
p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  an d  c o n tro ls . 
T h is  w as to  d e te rm in e  if  c ro s s - l in k e d  FDP s a n d  re d  
cell a g g re g a tio n  a re  in c re a s e d  in  p e r ip h e ra l  a r te r ia l  
d ise a se .
2 To d e te rm in e  if  c ro s s - l in k e d  FDP s an d  re d  cell 
a g g re g a tio n  w ere  a s so c ia te d  w ith  th e  in c re a se d  
f ib r in o g e n  le v e l fo u n d  in  p e r ip h e ra l  a r te r ia l  d ise a se .
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3 To r e la te  f ib r in o g e n , c ro s s - l in k e d  f ib r in  d e g ra d a tio n
p ro d u c ts ,  a n d  r e d  cell a g g re g a tio n  to  o th e r  m easu red  
haem orheo log ical f a c to r s :  p lasm a v is c o s ity ,
h a e m a to c rit, w h ite  b lood cell c o u n t, fu ll blood c o u n t, 
p la te le ts  a n d  lip id s .
4 To d e te rm in e  if  th e  s e v e r i ty  of ischaem ia , o r  th e  ty p e  
of a r te r ia l  d is e a se  (abdom inal a o r tic  an eu ry sm ) 
c o r re la te d  w ith  th e  lev e ls  of f ib r in o g e n , re d  cell 
a g g re g a tio n  o r  c ro s s - l in k e d  FDP s .
5 To exam ine th e  e f fe c t o f c ig a re tte  sm oking , age  an d  
sex  on f ib r in o g e n ,  c ro s s - l in k e d  FDPs an d  r e d  cell 
a g g re g a tio n  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  
a n d  c o n tro ls .
6 To exam ine th e  e f fe c ts  of r e c o n s tru c tiv e  v a s c u la r  
s u r g e r y  on f ib r in o g e n ,  c ro s s - lin k e d  FDP s a n d  re d  cell 
a g g re g a tio n  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d ise a se .
METHODS
Selection a n d  a s s e s sm e n t of p a t ie n ts  an d  co n tro ls  a re  
desc rib ed  in  C h a p te r  2.
118 co n se c u tiv e  p a t ie n ts  h ad  m easu rem en t of f ib r in o g e n ,
c ro ss -lin k e d  f ib r in  d e g ra d a tio n  p ro d u c ts  an d  re d  cell 
ag g re g a tio n . P lasm a v is c o s ity ,  m ic ro h aem ato c rit, fu ll blood
121
coun t, a n d  lip id s  w ere  a lso  m e a su re d . 80 p a t ie n ts  h ad
in te rm itte n t c la u d ic a tio n , 20 p a t ie n ts  h ad  abdom inal a o r tic  
an eu ry sm s, a n d  15 p a t ie n ts  h ad  ischaem ic r e s t  p a in  w ith o u t 
tissu e  n e c r o s is . 3 p a t ie n ts  h ad  g a n g re n e  o r  u lc e ra t io n .
These 3 p a t ie n ts  h a v e  b e e n  ex c lu d e d  from  f u r th e r  s tu d y
because  in fe c tio n  is  know n to  in c re a se  p lasm a f ib r in o g e n  
level an d  w h ite  cell c o u n t, r e d  cell a g g re g a tio n  an d  blood 
v isoc ity  (Low e, 1987a; G ailla rd  e t a l . ,  1985; F r ie d e r ic h s  e t 
a l . ,  1984). T h is  le f t  115 p a t ie n ts  fo r  s tu d y .  T he mean 
age of th e  p a t ie n ts  w as 61 y e a r s  ( ra n g e  39 -86 ). M edication 
was also r e c o rd e d ,  sp e c if ic a lly  u se  of a n tip la te le t  a g e n ts  o r 
a n tic o a g u la n ts , a n d  th e  p re s e n c e  of d ia b e te s  m ellitus was 
also n o te d . 46 p a t ie n ts  u n d e rw e n t r e c o n s tru c tiv e  v a sc u la r  
s u rg e ry .
The p a t ie n ts  w ere  com pared  w ith  122 c o n tro ls  w ithou t 
evidence of a r te r ia l  d ise a se  fo r  all blood m easu rem en ts
excep t c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts .  A f u r th e r  
231 co n tro ls  from  th e  g e n e ra l p o p u la tio n  w ere u se d  to  
compare c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts .  T h is  was 
from a p o p u la tio n  s tu d y  of th e  lev e l of c ro s s - lin k e d  f ib r in  
d eg rad a tio n  p ro d u c ts  b e in g  c a r r ie d  o u t in  th e  U n iv e rs ity  
D epartm ent of M edicine L a b o ra to ry , G lasgow Royal 
In firm ary , a t  th e  sam e tim e a s  th is  s tu d y  (S c o ttish  H eart 
Health S tu d y ) , a n d  as  p re v io u s ly  d is c u s se d  gave a  la rg e  
sample to  d e fin e  th e  p o p u la tio n  ra n g e  of th is  skew ed
variab le .
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100 (.if the  115 p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  w ere 
se ria lly  follow ed u p  fo r  3-12 m onths ( mean 7 m o n th s) ,  an d  
th e ir  b lood m e asu re m en ts  re p e a te d ,  to g e th e r  w ith  a fu ll 
clinical ex am in a tio n , q u e s tio n in g  a b o u t sm oking  h a b i t ,  
m edication a n d  sym ptom s. A nkle b ra c h ia l p r e s s u r e  in d ices  
w ere re p e a te d .  Of th e  15 p a t ie n ts  who w ere u n ab le  to  be 
followed u p ,  6 h a d  d ied  in  th e  in te rv e n in g  p e r io d , an d  9 
were lo s t to  follow u p  (5 d u e  to  co n s id e ra b le  d is ta n c e s  
in v o lv ed ). A t th e  follow u p  exam in a tio n , lip id  m easu rem en t 
was no t p e rfo rm e d  a s  i t  was im p rac tica l to  g e t su ff ic ie n t 
p a tien ts  f a s t in g  a t  th e  o u t-p a t ie n t  c lin ic .
Statistical A nalysis
With th e  e x c e p tio n  of c ro s s - l in k e d  FDP s an d  re d  cell 
a g g reg a tio n  th e  d is tr ib u t io n  of all of th e  v a r ia b le s  u n d e r  
s tu d y  w ere w ell a p p ro x im a te d  b y  norm al d is tr ib u t io n ,  an d  
so in  g e n e ra l,  n o rm a l-b a se d  te c h n iq u e s  of t - t e s t s  an d  o n e­
way a n a ly s is  o f v a r ia n c e  w ere  u se d  fo r  th e  u n iv a r ia te  
an a ly ses. T he  c o r re s p o n d in g  n o n -p a ra m e tr ic  p ro c e d u re s  
(the  M ann-W hitney  U te s t  a n d  th e  K ru sk a l Wallis te s t )  w ere 
used  fo r  c ro s s - l in k e d  FDP s a n d  r e d  cell a g g re g a tio n .
F u r th e r  m u ltiv a r ia te  a n a ly se s  (m ultiw ay a n a ly s is  of 
covariance , in c lu d in g  te s t s  fo r  in te ra c tio n )  w ere u se d  to  
compare p a t ie n ts  a n d  c o n tro ls  a f te r  a d ju s t in g  fo r  im balances 
in sm oking h a b i t ,  ag e  a n d  se x  d is tr ib u tio n .
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Since th e re  do n o t e x is t  c o r re s p o n d in g  n o n -p a ra m e tr ic  
p ro c e d u re s , p r io r  to  th e  m u ltiv a ria te  a n a ly s is ,  c ro s s - lin k e d  
FDP s a n d  r e d  cell a g g re g a tio n  w ere  tra n s fo rm e d  to 
approx im ate  n o rm a lity  b y  u s in g  a lo garithm ic  tra n s fo rm a tio n .
To exam ine th e  e f fe c ts  fo llow ing r e c o n s tru c tiv e  v a sc u la r  
s u rg e ry ,  th e  m ean c h a n g e  in  p a t ie n ts  u n d e rg o in g  s u r g e r y  
was com pared  to  th e  m ean c h an g e  in  p a t ie n ts  no t g e t t in g  
s u rg e ry  b y  th e  S tu d e n t 's  t -  t e s t .  T h is  was p e rfo rm ed  on a 
logarithm ic sca le  fo r  c ro s s - l in k e d  FD P 's an d  re d  cell 
a g g reg a tio n  w h ich  w ere  h ig h ly  sk ew ed . B aseline  v a lu es  of 
p a tien ts  u n d e rg o in g  s u r g e r y  w ere  n o t s ta t is t ic a l ly  d if fe re n t 
from p a t ie n ts  n o t g e t t in g  s u r g e r y .
RESULTS
Table 3.1 com pares p a t ie n ts  a n d  co n tro ls  fo r  a g e , sex  an d  
smoking h a b i t .
Cross-linked Fibrin Degradation Products
The lev e ls  of c ro s s - l in k e d  FDP s w ere  s ig n if ic a n tly  
in c reased  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  
com pared to  th e  c o n tro ls . T he  m edian va lue  fo r  
c ro ss -lin k e d  F D P 's  w as 117 n g /m l in  th e  p a t ie n ts  com pared  
to 86 n g /m l in  th e  c o n tro ls  (p < 0 .0 0 1 ). (See T ab le 3 .2  an d  
F igure 3 .1 ) .
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Table 3.1
Com parison o f controls and patients for sex, age and sm oking habits
FDP Controls O ther Controls Patients
n 231 122 115
Sex
Male 127 (55%) 50 (41%) 77 (67%)
Female 104 (45%) 72 (59%) 38 (33%)
Age (years)
Mean 50 52 61
S.D. 6.1 17.5 10.6
Minimum 25 21 39
Maximum 64 88 86
Sm oking Habit
Current 85 (37%) 34 (28%) 63 (55%)
Ex-smokers j 146 (63%) | 88 (72%) 48 (42%)
Non-smokers 4 ( 3%)
Table 3.2
C om parison o f  blood tests in con trols and patients w ith  p eripheral arteria l d isease
T est Controls Patients p value
Cross linked FDPs (ng/ml)
Median 86 117 p<0.001
IQR 49 77
n 231 102
Red cell aggregation (units)








Mean 1.285 1.329 p<0.01
S.D. 0.078 0.104
n 71 111
W hite cell count (xl09/L)




















Test Control Patients p value
H aem oglobin (g/dL)
Mean 13.7 14.2 N.S.
S.D. 1.6 1.5
n 58 114
Red blood count (x l012/L)
Mean 4.47 4.57 N.S.
S.D. 0.46 0.57
n 58 111
Mean cell volum e (fl)
Mean 90.4 91.6 N.S.
S.D. 5.4 5.5
n 59 114
Platelet count (xlO 9/L)





CROSS LINKED FDPs 
IN CONTROLS AND PATIENTS
( n g / m l )






comparison of levels of cross linked fibrin degradation products (FDPs) 





T here was a  s ig n if ic a n t c o rre la tio n  be tw een  c ro s s - lin k e d  
FDP's an d  p lasm a f ib r in o g e n  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l d ise a se  ( r= 0 .2 6 , p < 0 .0 1 ).
C ro ss-lin k ed  FDP s a lso  c o r re la te d  s ig n if ic a n tly  in  th e  
p a tien ts  w ith  :
Age r= 0 .56 p<0.001
ABPI r = - 0 .35( in v e rs e ly ) p<0.001
H aem atocrit r = - 0 .31( in v e rs e ly ) p<0.001
Plasma v is c o s ity r -  0 .27 p<0.01
Haemoglobin r = - 0 .26 ( in v e rs e ly ) p<0.01
(See T ab le 3 .3 a ) .
The s ig n if ic a n t c o r re la tio n  co e ffic ien ts  fo r  all v a r ia b le s  
in th e  c o n tro ls  a re  show n in  T ab le  3 .3 b .
C ro ss-lin k ed  FDP s w ere  s ig n if ic a n tly  in c re a se d  in  p a t ie n ts  
with in te rm itte n t  c la u d ic a tio n  (m edian  95 n g /m l) ,  ischaem ic 
re s t p a in  (m ed ian  128 n g /m l)  an d  in  abdom inal a o r tic  
aneurysm  (m ed ian  148 n g /m l)  com pared  to  co n tro ls  (m edian 
86 n g /m l) . (S ee  F ig u re  3 .2 ) .  One w ay an a ly s is  of 
variance (K ru sk a l-W allis )  show ed th a t  c ro s s - lin k e d  FDP s 
were s ig n if ic a n tly  d if f e re n t  b e tw ee n  th e se  th re e  p a t ie n t 
g roups (p < 0 .0 1 ) . T h e  lev e l of c ro s s - l in k e d  F D P 's  th e re fo re  
was re la te d  to  th e  s e v e r i ty  of ischaem ia a n d  to  th e  ty p e  of 
disease (T ab le  3 .4 ) .  T h e re  w as a  s ig n if ic a n t in v e rs e  
co rre la tion  b e tw e e n  c ro s s - l in k e d  FD P’s an d  th e  ank le  
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CROSS LINKED FDPs, SEVERITY OF 
ISCHAEMIA AND TYPE OF DISEASE.
( n g / m l )





CONTROLS I.CLAUD REST PAIN AAA
Figure 3.2
A comparison of levels of cross linked fibrin degradation products (FDPs) 
in controls and patients with intermittent claudication (I.CLAUD), 





C om parison o f severity o f ischaem ia and type o f disease 










Cross linked  
FDPs (ng/ml)
Median 95 128 148 p<0.01
IQR 60 93 165 (K ruskal-W allis)
n 65 12 18
Red cell
aggregation (units)
Median 4.23 4.30 5.30 p<0.01
IQR 1.66 1.95 1.66 (K ruskal-W allis)
n 70 15 20
Fibrinogen (g/L)
Mean 3.34 3.56 3.55 N.S.
S.D. 0.78 1.11 1.20 (F-test)
n 69 15 20
Plasma Viscosity
(mPa.s)
Mean 1.313 1.349 1.344 N.S.
S.D. 0.093 0.135 0.073 (F-test)
n 70 15 19
White cell count
(xl09/L)
Mean 7.7 10.3 7.7 p<0.001
S.D. 1.8 4.4 1.8 (F-test)
n 73 15 20
Triglyceride
(mmol/L)
Mean 2.02 1.69 1.85 N.S.
S.D. 1.13 0.56 0.76 (F-test)
n 62 11 18
HDL cholesterol
(mmol/L)
Mean 1.31 1.32 1.14 N.S.
S.D. 0.26 0.42 0.24 (F-test)













Mean 6.18 6.16 5.98 N.S.
S.D. 1.21 1.61 1.50 (F-test)
n 61 11 18
Haematocrit
Mean 0.45 0.48 0.43 p<0.05
S.D. 0.04 0.07 0.04 (F-test)
n 69 15 20
Haemoglobin (g/dL)
Mean 14.3 14.8 13.8 N.S.
S.D 1.3 2.0 1.2 (F-test)
n 72 15 20
Red blood count
(xl012/L)
Mean 4.57 4.90 4.47 N.S.
S.D. 0.44 0.97 0.49 (F-test)
n 72 13 20
Mean cell volum e
(fl) Mean 92 90 91 N.S.
S.D. 5 7 4 (F-test)
n 72 15 20
Platelet count
(xl09/L)
Mean 282 328 291 N.S.
S.D. 72 142 79 (F-test)
n 72 15 20
Ankle brachial 
pressure index
Mean 0.79 0.29 0.87 p<0.001
S.D. 0.23 0.22 0.25 (F-test)
n 72 14 20
Age (years)
Mean 58.4 65.5 68.4 p<0.001
S.D. 9.9 13.0 6.3 (F-test)
n 73 15 20
Body mass index
(kg/m2)
Mean 25.00 24.37 25.27 N.S
S.D. 3.34 3.49 4.22 (F-test)
n 73 13 19
T here was no s ig n if ic a n t d if fe re n c e  b e tw een  c u r r e n t  an d  
carboxyhaem oglob in  - p ro v e n  ex  o r  n o n -sm o k ers  in  e i th e r  
p a tien ts  (F ig u re  3 .3 )  o r  c o n tro ls  (S ee  T ab le  3 .5 a , 3 .5 b ) .  A 
serial s tu d y  of th e  e f fe c ts  of s to p p in g  sm oking  was 
perfo rm ed . In  th e  100 p a t ie n ts  follow ed u p  fo r  3-12 m onths 
57 w ere in itia l c u r r e n t  sm o k e rs , 42 who in itia lly  claim ed to 
be ex -sm o k ers  a n d  o n ly  1 p a t ie n t  who h ad  n e v e r  sm oked 
befo re . In th is  g ro u p  of 100, 41 of th e  57 sm okers
continued to  sm oke. 18 claim ed to  h av e  s to p p e d . A fte r  
confirm ing e x -sm o k e r  s ta tu s  w ith  ca rboxyhaem oglob in  levels 
only 14 p a t ie n ts  w ere  c o n s id e re d  to  h av e  s to p p e d  sm oking .
10 of th e se  p a t ie n ts  p ro c e e d e d  to  re c o n s tru c tiv e  v a s c u la r
s u rg e ry , le a v in g  o n ly  4 p a t ie n ts .  T h is  was in su ff ic ie n t fo r  
m eaningful a n a ly s is  of th e  e f fe c ts  of s to p p in g  sm oking , 
in d ep en d en t from  th e  e f fe c ts  of re c o n s tru c tiv e  s u r g e r y .  
C ro ss-lin k ed  FDP s c o r re la te d  s tro n g ly  w ith  age  (r= 0 .5 6 , 
p<0.001). M u ltiv a ria te  a n a ly s is  show ed ev id en ce  of an  
in terac tion  w ith  ag e  ( i . e .  th e  re la tio n sh ip  of c ro s s - lin k e d  
FDP's to  ag e  d if fe re d  b e tw ee n  p a t ie n ts  a n d  c o n tro ls ) .  When 
the e ffec t o f ag e  w as ta k e n  in to  a c c o u n t, th e re  was s till a 
sign ifican t d if fe re n c e  b e tw e e n  p a t ie n ts  an d  co n tro ls  (p< 0 .05 , 
Table 3 . 6 ) .  T h e re  w as no se x  d if fe re n c e : th e  level of
c ro ss-lin k ed  FDP s w as n o t d if fe re n t  be tw een  males an d  
females in  p a t ie n ts  o r  c o n tro ls .
Of the 100 p a t ie n ts  w ho w ere  follow ed u p ,  46 p a tie n ts
underw ent r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .  54 p a tie n ts  d id  
n°t u n d e rg o  s u r g e r y .  T h e  an k le  b ra c h ia l p r e s s u r e  in d ex  
wus s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  fo llow ing s u r g e r y
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F igure 3 .3
A comparison of levels of cross linked fibrin degradation products (FDPs) 
in ex-smokers and current smokers in patients with peripheral arterial disease.
Table 3.5a
Com parison o f  ex -sm ok ers and sm okers in patien ts w ith  p erip heral arteria l d isease
Test Ex-Sm okers Current Sm okers p value
Cross linked FDPs












(mPa.s) Mean 1.314 1.322 N.S.
S.D. 0.092 0.096
n 34 61
W hite cell count
















T est Current sm okers p value
H aem atocrit
Mean 0.43 0.45 p<0.05
S.D. 0.05 0.05
n 34 60
H aem oglobin (g/dL)




(x l012/L) Mean 4.37 4.61 N.S.
S.D. 0.46 0.61
n 34 60
Mean cell volum e (fl)
Mean 91 92 N.S.
S.D. 6 6
n 35 62
Platelet count (x l09/L)




Com parison of non-sm okers and current sm okers in controls
Test Non sm okers Current sm okers p value
Cross linked FDPs
































T est Non sm okers
r ........... . . . .  ' . . .  ............................ i
C urrent sm okers p value
Haem atocrit
Mean 0.43 0.44 P<0.05
S.D. 0.04 0.04
n 74 29
H aem oglobin (g/dL)




(xl012/L) Mean 4.47 4.64 N.S.
S.D. 0.44 0.50
n 38 14
Mean cell volum e (fl)
Mean 90 91 N.S.
S.D. 5 7
n 38 15
Platelet count (x l09/L)




M ultivariate analysis, com paring patients and controls corrected  
for age, sex and sm oking habit
1




















































































































































































































































































































































































































com pared to  th o s e  n o t u n d e rg o in g  s u r g e r y  (p < 0 .0 0 1 ). 
C ro ss-lin k ed  F D P 's w ere  s ig n if ic a n tly  in c re a se d  in  p a t ie n ts  
following r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  com pared  to  th o se  
not u n d e rg o in g  s u r g e r y  (p < 0 .0 5 ) . T h e re  was no in c re a se  
in th e  p a t ie n ts  who d id  n o t h av e  s u r g e r y  (T ab le  3 .7 ) .
Red Cell A ggregation
The lev e ls  of r e d  cell a g g re g a tio n  w ere  s ig n if ic a n tly  
in c reased  in  p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to 
con tro ls . T h e  m edian  v a lu e  fo r  p a t ie n ts  was 4.45 u n its  
com pared to  3 .3 0  u n i ts  in  c o n tro ls  (p < 0 .0 0 1 ). (See T ab le 
3.2 an d  F ig u re  3 .4 ) .
The c o rre la tio n  w ith  p lasm a f ib r in o g e n  w as n o t s ig n if ic a n t 
r=0.010 (p = 0 .2 9 ).
Red cell a g g re g a tio n  in  th e  p a t ie n ts  c o r re la te d  s ig n if ic a n tly  
with:
H aem atocrit r = - 0 .38 ( in v e rs e ly )  p<0.001
White Cell C o u n t r = - 0 .2 7 ( in v e rs e ly )  p<0.01
Body m ass in d e x  r=  0 .2 0  p<0.05
Red cell a g g re g a tio n  d id  n o t c o r re la te  s ig n if ic a n tly  w ith  
cross - lin k e d  FD P’s ,  r= 0 .1 6 , p = 0 .1 1 . (S ee  T ab le  3 .3 a ) .
Red cell a g g re g a tio n  w as s ig n if ic a n tly  in c re a se d  in  
in te rm itten t c la u d ic a tio n  (m ed ian  4 .23  u n i t s ) ,  ischaem ic r e s t  
pain (m edian 4 .3 0  u n i t s )  a n d  in  abdom inal a o r tic  an eu ry sm
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Table 3.7
Com parison o f the mean change between patients having surgery 
and patients not having surgery
Test N o surgery p value  
95% € X
Cross linked FDPs (ng/ml) 
(on a log scale)
Mean change -0.01 0.15 p<0.05
S.D 0.19 0.39 (0.02, 0.31)
n 42 35
Red cell aggregation (units)
Mean change -0.14 -0.03 N.S.
S.D. 1.22 1.61 (-0.48, 0.69)
n 49 44
Fibrinogen (g/L)
Mean change -0.07 -0.33 N.S.
S.D. 1.01 0.82 (-0.65, 0.14)
n 47 42
Plasma viscosity (mPa.s)
Mean change 0.007 0.027 N.S.
S.D. 0.085 0.102 (-0.020, 0.061)
n 45 39
White cell count (xl09/L)
Mean change 0.2 0.5 N.S.
S.D. 2.2 2.0 (-0.6, 1.1)
n 52 43
Haernatocrit
Mean change 0.00 -0.01 N.S.
S.D. 0.03 0.04 (-0.02, 0.01)
n 49 41
Haemoglobin (g/dL)
Mean change 0.1 -0.4 p<0.05
S.D. 0.9 1.3 (-1.0, -0.01)
n 48 42
Table 3.7 continued
Test No Surgery p value  
95% C.I.
Red blood count (x l012/L)
Mean change -0.01 -0.17 N.S.
S.D. 0.31 0.79 (-0.41, 0.09)
n 45 40
Mean cell volum e (fl)
Mean change -0.5 -1.1 N.S.
S.D. 2.8 3.1 (-1.9, 0.6)
n 48 42
Platelet count (x l09/L)
Mean change 33 20 N.S.
S.D. 52 56 (-36, 10)
n 48 42
Ankle brachial pressure
index Mean change -0.01 0.14 p<0.001
S.D. 0.17 0.23 (0.07, 0.23)
n 51 46
RED CELL AGGREGATION
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F igure 3 .4
A comparison of red cell aggregation in controls and patients with 
peripheral arterial disease.
(median 5 .3 0  u n i ts )  com pared  to  co n tro ls  (m edian 3 .3 0 ) . 
One-way a n a ly s is  of v a r ia n c e  (K ru skal-W allis) show ed th a t  
red  cell a g g re g a tio n  w as s ig n if ic a n tly  d if fe re n t  b e tw een  th e  
g roups (p < 0 .0 1 ) . (T a b le  3 .4  a n d  F ig u re  3 .5 ) .
Red cell a g g re g a tio n  w as h ig h e r  in  e x -sm o k e rs  th a n  c u r r e n t  
sm okers in  p a t ie n ts  (F ig u re  3 .6 )  an d  in  co n tro ls  (T ab le  
3 .5a, 3 .5 b ) .  M u ltiv a ria te  a n a ly s is  show ed th a t  th e
in c reased  r e d  cell a g g re g a tio n  in  p e r ip h e ra l  a r te r ia l  d isease  
was in d e p e n d e n t of th is  u n e x p e c te d  sm oking  re la te d  e f fe c t .  
(Table 3 .6 ) .  R ed  cell a g g re g a tio n  d id  n o t c o rre la te  w ith  
age o r s e x .
Red cell a g g re g a tio n  d id  n o t a l te r  in  p a t ie n ts  follow ing 
re c o n s tru c tiv e  v a s c u la r  s u r g e r y ,  n o r  in  p a t ie n ts  who d id  
not have  s u r g e r y .  (T a b le  3 .7 )
Fibrinogen
Plasma f ib r in o g e n  lev e l w as s ig n if ic a n tly  in c re a s e d  in  
p a tien ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to 
con tro ls . T h e  m ean v a lu e  fo r  f ib r in o g e n  in  p a t ie n ts  was 
3.47 g /1 , co m p ared  to  2 .97  g/1 in  th e  co n tro ls  (p < 0 .0 0 1 ), 
(F igure  3 .7 ) .
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CONTROLS I.CLAUD REST PAIN AAA
F ig u re  3 .5
A comparison of red cell aggregation in controls and patients with
intermittent claudication (I.CLAUD),ischaemic rest pain and
abdominal aortic aneurysm (AAA).
RED CELL AGGREGATION 
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(UNITS)
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EX-SMOKERS CURRENT SMOKERS 
MEDIAN ------------
Figure 3.6
A comparison of red cell aggregation in ex-smokers and 




IN CONTROLS AND PATIENTS
MEAN
CONTROLS PATIENTS
F ig u r e  3 .7
A comparison of levels of fibrinogen in controls and patients with 
peripheral arterial disease.
Fibrinogen  c o r re la te d  s ig n if ic a n tly  in  th e  p a t ie n ts  w ith : 
Plasma V isc o s ity  r=0 .58  p<0.001
P latelet co u n t r=0 .44  p<0.001
White Cell C o u n t r=0 .29  p<0.01
C ro ss-lin k ed  F ib r in  D e g ra d a tio n
P roducts  r=0 .26  p<0.01
bu t no t w ith  r e d  cell a g g re g a tio n  r= 0 .10  p=0.29
(See T able 3 .3 a ) .
F ibrinogen w as s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  w ith  
in te rm itten t c la u d ic a tio n  (m ean 3 .3 4 ) ,  ischaem ic r e s t  pa in  
(mean 3 .56 ) a n d  in  abdom inal a o r tic  an eu ry sm  (m ean 3 .55) 
com pared to  c o n tro ls  (m ean 2 .9 7 ) .  H ow ever th e re  was no 
d ifference in  f ib r in o g e n  a c c o rd in g  to  th e  s e v e r i ty  of 
ischaemia o r  ty p e  of d ise a se  u s in g  a n a ly s is  of v a r ia n c e . 
(Table 3 .4 ,  F ig u re  3 .8 )
F ibrinogen w as s ig n if ic a n tly  in c re a s e d  in  c u r r e n t  sm okers 
compared to  e x  o r  n o n -sm o k e rs  in  b o th  p a tie n ts  (F ig u re
3.9) and  c o n tro ls .  (T a b le  3 .5 a , 3 .5 b ) .
F ibrinogen in c re a s e d  w ith  a g e . M u ltiv aria te  an a ly s is  show ed 
that w hen c ig a re t te  sm ok ing  a n d  ag e  w ere ta k e n  in to  
account th e re  w as no s ig n if ic a n t d if fe re n c e  in  f ib rin o g e n  
level be tw een  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  an d  
controls. H ence th e  e f fe c ts  of sm oking  a n d  age acc o u n ted  
for th e  in c re a s e d  f ib r in o g e n  lev e l in  th e  p a t ie n ts  w ith  
P eriphera l a r te r ia l  d is e a se  (T ab le  3 .6 ) .  T h e re  was no 
difference in  f ib r in o g e n  le v e l b e tw ee n  m ales an d  fem ales.
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Figure 3.8
A comparison of levels of fibrinogen in controls and patients with
intermittent claudication (I.CLAUD),ischaemic rest pain and
abdominal aortic aneurysm (AAA).
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F ig u re  3 .9
A comparison of levels of fibrinogen in ex-smokers and 
current smokers in patients with peripheral arterial disease.
Fib rinogen  lev e l d e c re a se d  in  p a t ie n ts  a t follow u p  a f te r  
re c o n s tru c tiv e  v a s c u la r  s u r g e r y ,  w h e reas  i t  was n o t a l te re d  
in th o se  who d id  n o t h av e  s u r g e r y .  T he d iffe re n c e  is 
how ever n o t s ta t is t ic a l ly  s ig n if ic a n t (T ab le  3 .7 ) .
Plasma V iscosity
Plasma v is c o s ity  w as s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  w ith  
p e rip h e ra l a r te r ia l  d ise a se  com pared  to  c o n tro ls . T he mean 
value of p lasm a v is c o s ity  w as 1.329 m P a.s  com pared  to  1.285 
mPa.s in  c o n tro ls  (p < 0 .0 1 ) . (S ee  T ab le  3 .2  and  F ig u re
3 .10).
Plasma v is c o s ity  c o r re la te d  s ig n if ic a n tly  in  th e  p a t ie n ts  
with:
F ibrinogen  
P latelet co u n t 
C ro ss-lin k ed  F D P 's  
White Cell C o u n t 
Red blood c o u n t 
Age
Ankle b ra c h ia l  p r e s s u r e  i 
(See T able 3 .3 a ) .
r= 0 .58 p<0.001
r= 0.43 p<0.001
r= 0 .27 p<0.01
r= 0 .25 p<0.01
r= 0 .24 p < 0 .05
r= 0 .20 p < 0 .05
r = - 0 . 2 0 (in v e rse ly ) p<0.05
Plasma v is c o s ity  w as s ig n if ic a n tly  in c re a se d  in  in te rm itte n t 
claudication (m ean 1 .313 m P a .s ) ,  ischaem ic r e s t  p a in  (m ean 
1.349 m P a .s ) ,  a n d  abdom inal a o r tic  a n eu ry sm  (m ean 1.344 
m Pa.s) com pared  to  c o n tro ls  (m ean 1.285 m P a .s ) . While
130
PLASMA VISCOSITY  







A comparison of plasma viscosity in controls and patients with 
peripheral arterial disease.
th e re  was no s ig n if ic a n t d iffe re n c e  in  p lasm a v is c o s ity  
acco rd in g  to  th e  s e v e r i ty  of ischaem ia o r  ty p e  of d isease  
u sing  a n a ly s is  of v a r ia n c e , p lasm a v isc o s ity  was h ig h e r  in  
ischaem ic r e s t  p a in  th a n  in  in te rm itte n t  c lau d ica tio n . Plasm a 
v isco sity  w as a s so c ia te d  w ith  ischaem ia , c o r re la tin g  
in v e rse ly  w ith  th e  an k le  b ra c h ia l  p r e s s u r e  in d e x  ( r= -0 .2 0 , 
p<0.05. T ab le  3 .4  a n d  F ig u re  3 .1 1 ) .
T here  w as no s ig n if ic a n t d if fe re n c e  be tw een  c u r r e n t  
sm okers a n d  e x -  o r  n o n -sm o k e rs  in  p a t ie n ts  an d  c o n tro ls . 
(T ables 3 .5 a  a n d  3 .5 b ) .  P lasm a v is c o s ity  in c re a se d  w ith  
age. M u ltiv a ria te  a n a ly s is  show ed  th a t  w hen ag e  w as ta k e n  
into acc o u n t th e r e  w as no s ig n if ic a n t d iffe re n c e  in  p lasm a 
v isco sity  b e tw e e n  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  
and c o n tro ls . T h e  e f fe c t of age  acc o u n te d  fo r  th e  
in c reased  p lasm a v is c o s ity  lev e l in  th e  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  (T ab le  3 .6 ) .  Plasm a v isc o s ity  
was no t a l te r e d  b y  se x : th e r e  was no d iffe re n c e  in  p lasm a
v isco sity  b e tw e e n  m ales a n d  fem ales.
Plasma v is c o s ity  d id  n o t a l te r  s ig n if ic a n tly  follow ing 
re c o n s tru c tiv e  v a s c u la r  s u r g e r y ,  n o r  d id  i t  a l te r  in  p a t ie n ts  
who d id  n o t h a v e  s u r g e r y  (T ab le  3 .7 ) .
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Figure 3.11
A comparison of plasma viscosity in controls and patients with
intermittent claudication (I.CLAUD), ischaemic rest pain and
abdominal aortic aneurysm (AAA).
White Cell Count
White cell c o u n t w as s ig n if ic a n tly  in c re a se d  in  p a t ie n ts  w ith
p e rip h e ra l a r te r ia l  d is e a se  com pared  to  c o n tro ls . T he mean
value fo r  w h ite  cell co u n t in  p a t ie n ts  was 8 .1  X 109/'l,
g
com pared to 6 .5  X 10 II in  c o n tro ls . (p< 0 .001 . T ab le  3 .2  
and F ig u re  3 .1 2 ) .
White cell c o u n t c o r re la te d  s ig n if ic a n tly  in  th e  p a t ie n ts  
w ith :
Red blood c o u n t r= 0 .39 p<0.001
Haemoglobin r= 0 .37 p<0.001
H aem atocrit r= 0 .37 p<0.001
P latelet co u n t r= 0 .36 p<0.001
F ibrinogen r= 0 .29 p<0.01
Red Cell A g g re g a tio n r= - 0 .27 ( in v e rs e ly ) p<0.01
Plasma V isco s ity r= 0 .25 p<0.01
ABPI r = - 0 .22 ( in v e rs e ly ) p<0.05
C arboxyhaem oglobin r= 0.21 p < 0 .05
White cell c o u n t w as s ig n if ic a n tly  in c re a s e d  in  in te rm itte n t
q
claudication (m ean 7 .7  X 1 0 /1 )  an d  ischaem ic r e s t  p a in  
9(mean 10.3 x  10 / l )  com pared  to  c o n tro ls  (m ean 6 .5  X 
g
10 11). A n a ly s is  of v a r ia n c e  show ed th a t  th e re  was a 
s ign ifican t d if fe re n c e  b e tw e e n  th e  p a t ie n ts  w ith  ischaem ic 
res t pa in  a n d  th o se  p a t ie n ts  w ith  in te rm itte n t c lau d ica tio n  
or abdom inal a o r t ic  a n e u ry sm  (p< 0 .001 . T ab le 3 .4  an d  
F igure 3 .1 3 ) .  T h e re  w as a lso  a s ig n if ic a n t in v e rs e
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F ig u r e  3 .12
A comparison of white cell count in controls and patients with 
peripheral arterial disease.
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Figure 3.13
A comparison of white cell count in controls and patients with
intermittent claudication (I.CLAUD),ischaemic rest pain and
abdominal aortic aneurysm (AAA).
co rre la tio n  w ith  th e  ABPI ( r - - 0 .2 2 ,  p^O.OS). H ow ever 
white cell c o u n t w as n o t s ig n if ic a n tly  d if fe re n t in  p a t ie n ts  
with abdom inal a o r tic  a n e u ry sm  com pared  to  c o n tro ls .
White cell co u n t w as in c re a s e d  in  c u r r e n t  sm okers com pared  
with ex  o r  n o n -sm o k e rs  in  b o th  p a t ie n ts  (F ig u re  3 .14 ) an d  
contro ls (T a b le  3 .5 a  a n d  3 .5 b ) .  White cell co u n t c o r re la te d  
s ig n ifican tly  w ith  c a rb o x y  haem oglobin  lev e l. M u ltivaria te  
analysis show ed  th a t  w hen  th e  e ffe c t of sm oking  was ta k e n  
into a cc o u n t th e r e  rem a in ed  a  s ig n if ic a n t d iffe re n c e  be tw een  
the p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  a n d  th e  
contro ls (T a b le  3 .6 ) .  T he in c re a se  in  w hite  cell co u n t in  
p a tien ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  was in d e p e n d e n t of 
th is sm oking  r e la te d  e f f e c t . White cell co u n t was no t 
a lte red  b y  ag e  o r  s e x .
White cell c o u n t d id  n o t a l te r  s ig n if ic a n tly  follow ing 
re c o n s tru c tiv e  v a s c u la r  s u r g e r y ,  n o r  in  th e  p a t ie n ts  who 
did no t h a v e  s u r g e r y  (T ab le  3 .7 ) .
Triglyceride
T rig ly ce rid e  lev e l w as s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  c o n tro ls . T he 
mean v a lu e  fo r  tr ig ly c e r id e  in  p a t ie n ts  was 1 .89 mmol/1 
com pared to  1 .13  mmol/I in  c o n tro ls . (p< 0 .001 . T ab le  3 .2  
and F ig u re  3 .1 5 ) .
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Figure 3.14
A comparison of white cell count in ex-smokers and current smokers 
patients with peripheral arterial disease.
TRIGLYCERIDE 












A comparison of levels of triglyceride in controls and patients with 
peripheral arterial disease.
T rig ly ce rid e  c o r re la te d  s ig n if ic a n tly  in  p a t ie n ts  w ith :
Total c h o le s te ro l r= 0 .52 p<0.001
HDL c h o le s te ro l r = - 0 .41 ( in v e rs e ly ) p<0.001
Body m ass in d e x r= 0 .28 p<0.01
Haemoglobin r= 0.27 p<0.01
C arboxy haem oglob in r= 0 .26 p < 0 .05
(See T ab le  3 .3 a ) .
T rig ly ce rid e  w as s ig n if ic a n tly  in c re a se d  in  in te rm itte n t 
claud ication  (m ean 2 .02  m m ol/1), ischaem ic r e s t  p a in  (m ean 
1.69 mmol/1) a n d  abdom inal a o r tic  a n eu ry sm  (m ean 1.85 
mmol/1) com pared  to  c o n tro ls  (m ean 1 .13 mmol/1). H ow ever 
th e re  w as no s ig n if ic a n t d if fe re n c e  a c c o rd in g  to  th e  s e v e r i ty  
of ischaem ia o r  ty p e  of d is e a s e ,  u s in g  a n a ly s is  of v a r ia n c e . 
(Table 3 .4 ) .
T here w as no  d if fe re n c e  in  tr ig ly c e r id e  leve ls  be tw een  
sm okers a n d  e x -s m o k e rs  in  p a t ie n ts  an d  co n tro ls  (T ab le s  
3.5a an d  3 .5 b ) .  T r ig ly c e r id e  w as n o t a l te re d  b y  age  o r 
sex. M u ltiv a ria te  a n a ly s is  show ed th a t  th e  in c re a se d  
tr ig ly c e r id e  le v e l in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  
was in d e p e n d e n t of a g e , se x  o r  sm oking  h a b it (T ab le  3 .6 ) .
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HDL C h o le ste ro l
HDL c h o le s te ro l w as s ig n if ic a n tly  d e c re a se d  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  com pared  to c o n tro ls . T he mean 
value fo r  p a t ie n ts  w as 1 .28 mmol/1 com pared  to 1 .66 mmol/1 
in th e  c o n tro ls  (p < 0 .0 0 1 ). (T ab le  3 .2  an d  F ig u re  3 .1 6 ) .
HDL c h o le s te ro l in v e rs e ly  a n d  s ig n if ic a n tly  c o rre la te d  w ith :
T rig ly ce rid e  r = - 0 .41 ( in v e rs e ly )  p<0.001
and B ody m ass in d e x  r = - 0 .27( in v e rs e ly )  p<0.05
in th e  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  (T ab le
3 .3 a).
HDL c h o le s te ro l w as s ig n if ic a n tly  d e c re a se d  in  in te rm itte n t 
c laudication  (m ean 1 .31 m m ol/1), ischaem ic r e s t  p a in  (m ean 
1.32 mmol/1) a n d  abdom inal a o r tic  a n eu ry sm  (m ean 1 .14 
mmol/1) com pared  to  c o n tro ls .  T h e re  was no re la tio n  to  th e  
se v e r ity  of isch aem ia  o r  ty p e  of d is e a se , u s in g  a n a ly s is  of 
variance ( T ab le  3 .4 ) .
HDL c h o le s te ro l lev e l w as no t d if fe re n t in  c u r r e n t  sm okers 
com pared to  e x -  o r  n o n -sm o k e rs  in  p a t ie n ts  o r  in  c o n tro ls . 
(Table 3 .5 a  a n d  3 .5 b ) .  HDL ch o le s te ro l was no t age 
d ep en d en t. HDL c h o le s te ro l lev e l was a l te re d  b y  se x : HDL
cholestero l lev e l w as low er in  m ales th a n  fem ales (p < 0 .0 5 ). 
M ultivariate a n a ly s is  show ed  th a t  th e  d e c re a se d  HDL 
cholestero l lev e l w as in d e p e n d e n t of th is  sex  re la te d  e ffec t 
(Table 3 .6 ) .
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A comparison of levels of HDL cholesterol in controls and patients with 
peripheral arterial disease.
Total Cholesterol
Total c h o le s te ro l le v e l w as n o t s ig n if ic a n tly  d if fe re n t  in  
p a tien ts  co m p ared  to  c o n tro ls  (T ab le  3 .2 ) .
Total c h o le s te ro l c o r re la te d  s ig n if ic a n tly  in  th e  p a t ie n ts  
with:
T rig ly ce rid e  r= 0 .5 2 p< 0 .001
H aem atocrit r= 0 .31  p<0.01
Body m ass in d e x  r= 0 .2 4  p<0.05
Haemoglobin r= 0 .2 4  p<0.05
Red blood c o u n t r= 0 .23  p<0.05
(See T ab le  3 .3 a ) .
T here w as no c o r re la tio n  w ith  s e v e r i ty  of ischaem ia o r  ty p e  
of d isease  (T a b le  3 .4 ) .
Total c h o le s te ro l w as n o t r e la te d  to  sm oking  h a b i t ,  age  o r  
sex (T ab le s  3 .5 a , 3 .5 b  a n d  3 .6 ) .
Haematocrit
H aem atocrit w as n o t s ig n if ic a n tly  in c re a se d  in  all p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  c o n tro ls . T he 
mean value  fo r  h a e m a to c rit in  p a t ie n ts  was 0.45 com pared  to 
0.43 in  c o n tro ls  (p^O .067. T ab le  3 .2 ) .
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H aem atocrit c o r re la te d  s ig n if ic a n tly  in  th e  p a t ie n ts  w ith :
Haemoglobin r= 0.83 p<0.001
Red blood co u n t r= 0 .79 p<0.001
Red Cell A g g re g a tio n r = - 0 .38 ( in v e rs e ly ) p<0.001
White Cell C oun t r= 0 .37 p<0.001
C ro ss-lin k ed  FDP s r = - 0 .31 ( in v e rs e ly ) p<0.001
Total C h o le ste ro l r= 0.31 p<0.01
Age r = - 0 .31 ( in v e rs e ly ) p<0.01
H aem atocrit w as s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  w ith  
in te rm itte n t c la u d ic a tio n  (m ean 0 .45 ) an d  ischaem ic r e s t  p a in  
(mean 0 .4 8 ) com pared  to  c o n tro ls  (m ean 0 .4 3 ) . P a tie n ts  
with abdom inal a o r t ic  a n e u ry sm  h ad  a mean h aem ato c rit of 
0.43. T h e re  w as n o t a  s ig n if ic a n t d iffe re n c e  be tw een  
p a tien ts  w ith  abdom inal a o r tic  a n eu ry sm  an d  c o n tro ls . 
A nalysis o f v a r ia n c e  show ed  th a t  p a t ie n ts  w ith  occ lu sive  
a r te r ia l d ise a se  ( in te rm it te n t  c lau d ica tio n  a n d  ischaem ic r e s t  
pain) w ere  s ig n if ic a n tly  in c re a s e d  com pared  to  p a t ie n ts  w ith  
abdom inal a o r tic  a n e u ry sm  d ise a se  (p< 0 .05 . See T ab le 3 .4  
and F ig u re  3 .1 7 ) .
H aem atocrit w as s ig n if ic a n tly  in c re a s e d  in  c u r r e n t  sm okers 
com pared to  e x -sm o k e rs  in  p a t ie n ts  an d  in  co n tro ls  (T ab le  
3.5a an d  3 .5 b ) .  H aem atocrit was s ig n if ic a n tly  h ig h e r  in  
males com pared  to  fem ales an d  d e c re a se d  w ith  a g e . 
M ultivariate a n a ly s is  show ed  th a t  w hen th e  e ffe c ts  of age
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Figure 3.17
A comparison of haematocrit in controls and patients with 
intermittent claudication (I.CLAUD), ischaemic rest pain and 
abdominal aortic aneurysm (AAA).
and sex  w ere  ta k e n  in to  ac c o u n t th e re  was no d iffe re n c e  
betw een all p a t ie n ts  a n d  c o n tro ls  (T ab le  3 .6 ) .  H aem atocrit 
did no t a l te r  s ig n if ic a n tly  fo llow ing  r e c o n s tru c tiv e  v a s c u la r  
su rg e ry  o r  in  p a t ie n ts  n o t h a v in g  s u r g e r y  (T ab le  3 .7 ) .
Full Blood Count 
Haemoglobin
Haemoglobin w as n o t s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d is e a se  com pared  to  c o n tro ls . T he  mean 
value fo r  haem oglob in  lev e l in  p a t ie n ts  was 14.2  g /d l  
com pared to  13 .7  g /d l  in  c o n tro ls  (p= 0 .059 . T ab le  3 .2 ) .
Haemoglobin c o r re la te d  s ig n if ic a n tly  in th e  p a tie
H aem atocrit r= 0 .83 p<0.001
Red blood c o u n t r=  0 .83 p<0.001
White cell c o u n t r= 0 .37 p<0.001
Age r = - 0 .35 ( in v e rs e ly ) p<0.001
C arboxyhaem oglobin r= 0 .30 p<0.01
T rig ly ce rid e r= 0 .27 p<0.01
C ro ss-lin k ed  FD P’s r= -0 .2 6 ( in v e rs e ly ) p<0.01
Total c h o le s te ro l r=  0 .24 p < 0 .05
Body m ass in d e x r= 0 .22 p < 0 .05
(See T ab le  3 .3 a ) .
There was no c o r re la tio n  w ith  s e v e r i ty  of ischaem ia o r  ty p e  
of d isease  (T a b le  3 .4 ) .
Haemoglobin le v e l w as s ig n if ic a n tly  in c re a s e d  in  c u r r e n t  
smokers co m p ared  to  e x -sm o k e rs  in  p a t ie n ts  (p < 0 .0 5 ), b u t
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not in  th e  c o n tro ls  (T ab le  3 .5 a  an d  3 .5 b ) .  Like 
haem ato c rit, haem oglob in  lev e l w as s ig n if ic a n tly  h ig h e r  in 
males th a n  fem ales a n d  d e c re a se d  b y  a g e . M u ltivaria te  
analysis show ed  th a t  w hen  th e  e f fe c ts  of sex  a n d  ag e  w ere  
taken  in to  a c c o u n t th e re  w as s til l no d iffe re n c e  in  
haem oglobin le v e l b e tw ee n  p a t ie n ts  an d  co n tro ls  (T ab le  
3 .6 ).
At 3-12 m on ths  fo llow ing  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y ,  
haem oglobin w as d e c re a s e d  b y  0 .4  g /d l .  In  th e  p a t ie n ts  
not re c e iv in g  s u r g e r y  th e r e  w as a mean in c re a se  in  
haem oglobin b y  O . lg /d l .  T h is  d if fe re n c e  is  s ta t is t ic a lly  
s ig n ifican t (p < 0 .0 5 ) .
Red Blood Cell Count
Red blood c o u n t w as n o t s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  co n tro ls  (T ab le  
3 .2 ).
Red blood c o u n t c o r re la te d  s ig n if ic a n tly  w ith :
H a e m o g l o b i n r =  0 . 8 3 p < 0 . 0 0 1
H a e m a t o c r i t r =  0 . 7 9 p < 0 . 0 0 1
W h ite  c e l l  c o u n t r =  0 . 3 9 p < 0 . 0 0 1
M ea n  c e l l  v o l u m e r = - 0 . 3 7  ( i n v e r s e l y ) p < 0 . 0 0 1
A g e r - - 0 . 2 9 ( i n v e r s e l y ) p < 0 . 0 1
Plasma v i s c o s i t y r =  0 . 2 4 p < 0 . 0 5
T o t a l  c h o l e s t e r o l r =  0 . 2 3 p < 0 . 0 5
C a r b o x y h a e m o g l o b i n r =  0 . 2 3 p < 0 . 0 5
in th e  p a t ie n ts  (S ee  T ab le  3 .3 a ) .
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T here w as no c o r re la tio n  w ith  s e v e r i ty  of ischaem ia o r  ty p e  
of d isease  (T a b le  3 .4 ) .
Red blood c o u n t w as n o t s ig n if ic a n tly  d if fe re n t be tw een  
c u r re n t sm o k e rs , a n d  ex  o r  n o n -sm o k ers  in  p a t ie n ts  an d  
contro ls (T ab le  3 .5 a  a n d  3 .5 b ) .
Red blood c o u n t w as s ig n if ic a n tly  in c re a se d  in  males 
(p<0.01) a n d  s ig n if ic a n tly  d e c re a se d  w ith  age  (p< 0 .05) in  
p a tien ts  a n d  c o n tro ls .  R ed b lood co u n t was no t a l te re d  
following r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  o r  in  p a t ie n ts  n o t 
hav ing  s u r g e r y  ( T ab le  3 .7 ) .
Mean Cell Volume
Mean cell volum e w as n o t in c re a s e d  in  p e r ip h e ra l  a r te r ia l  
d isease , a n d  w as n o t a l te re d  b y  s e v e r i ty  of ischaem ia , ty p e  
of d ise a se , s e x ,  a g e , sm oking  h a b it o r  re c o n s tru c tiv e  
vascu la r s u r g e r y .
Mean cell volum e c o r re la te d  s ig n if ic a n tly  w ith  re d  blood 
count r= -0 .3 7  ( in v e r s e ly )  p<0.001 in  th e  p a t ie n ts .
Platelet Count
Platelet c o u n t w as n o t s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  
com pared to  c o n tro ls  (T ab le  3 .2 ) .  P la te le t co u n t c o rre la te d  
s ig n ifican tly  w ith :
Fibrinogen r= 0.44 p<0.001
Plasma V iscosity  r= 0.43 p<0.001
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White Cell C o u n t r= 0 .36  p<0.001
ABPI r= -0 .2 0 ( in v e rs e ly )  p<0.05
(See T ab le  3 .3 a ) .
P latelet c o u n t w as h ig h e r  in  p a t ie n ts  w ith  ischaem ic r e s t
9
pain (m ean 328 X 10 / l )  th a n  in te rm itte n t c lau d ica tio n  (m ean 
282 X 109 /1 ).
P latelet co u n t w as n o t a l te re d  b y  sm oking , sex  o r  a g e . 
P latelet co u n t s ig n if ic a n tly  in c re a s e d  in p a t ie n ts  who d id  not 
un d erg o  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  a f te r  3-12 m onths 
d u ra tio n . A non  s ig n if ic a n t in c re a se  w as also  p r e s e n t  in  
p a tien ts  who u n d e rw e n t r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .  
T here was no s ta t is t ic a l  s ig n if ic a n t d iffe re n c e  b e tw een  th e se  
two g ro u p s  ( T ab le  3 .7 ) .
Other Correlations
Age c o rre la te d  s ig n if ic a n tly  in  th e  p a t ie n ts  w ith :
r  va lue______________ p v a lue
C ro ss-lin k ed  FDP s 0.56 <0.001
Haemoglobin -0 .3 5 ( in v e rs e ly ) <0.001
H aem atocrit -0 .3 1 ( in v e rs e ly ) <0.01
ABPI -0 .3 0 ( in v e rs e ly ) <0.01
Red blood c o u n t -0 .2 9 ( in v e rs e ly ) <0.01
C arboxyhaem oglob in -0 .21 ( in v e rs e ly ) <0.05
Plasma V isc o s ity 0 .20 <0.05
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ABPI s ig n if ic a n tly  c o r re la te d  in  p a t ie n ts  w ith :
r  v a lue
C ro ss-lin k ed  FDP s 
Age
Body m ass in d e x  
White Cell C o u n t 
P latelet co u n t 
Plasma v is c o s ity
p  v a lue
-0 .3 5  ( in v e rs e ly )  <0.001
-0 .3 0  ( in v e rs e ly )  <0.01
0.27 <0.01
-0 .2 2  ( in v e rs e ly )  <0.05
-0 .2 0  ( in v e rs e ly )  <0.05
-0 .2 0  ( in v e rs e ly )  <0.05
Body m ass in d e x  c o r re la te d  s ig n if ic a n tly  in  p a t ie n ts  w ith :
v  v a lue____________ p  v a lue
T rig ly ce rid e 0 .28 <0.01
ABPI 0.27 <0.01
HDL -0 .27  ( in v e rs e ly ) <0.05
C holesterol 0 .24 <0.05
Haemoglobin 0 .22 <0.05
Red cell a g g re g a tio n 0 .20 <0.05




Red blood count 
Age
White cell count








-0 .2 1  ( in v e rs e ly )  <0.05 
0 .21 <0.05
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D IS C U S SION
This s tu d y  h a s  show n th a t  f ib r in o g e n , c ro s s - lin k e d  f ib r in  
d eg rad a tio n  p r o d u c ts ,  p h o to m etric  r e d  cell a g g re g a tio n , 
plasma v is c o s ity ,  w h ite  cell co u n t an d  tr ig ly c e r id e  w ere 
s ig n ifican tly  in c re a s e d  in  th e  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l d ise a se  com pared  to  c o n tro ls . HDL ch o les te ro l was 
s ig n ifican tly  d e c re a s e d  in  p a t ie n ts  com pared  to  th e  c o n tro ls .
In creased  le v e ls  of f ib r in o g e n , p lasm a v is c o s ity , w hite  cell 
count a n d  t r ig ly c e r id e ,  a n d  a  d e c re a se d  level of HDL 
cho lestero l h a v e  p re v io u s ly  b een  r e p o r te d  in  p e r ip h e ra l  
a r te ria l d ise a se  (D o rm an d y  e t  a l . , 1973a; A lderm an e t a l . ,  
1981; G re e n h a lg h  e t  a l . , 1971; S ch rad e  e t a l . , 1960;
Fowkes, 1988).
Cross-linked Fibrin Degradation Products
The in c re a s e d  le v e l of c ro s s - lin k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts  in d ic a te s  in c re a s e d  f ib r in  fo rm ation  an d  ly s is  in  
p a tien ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se . T he level of 
c ro ss -lin k e d  f ib r in  d e g ra d a tio n  p ro d u c ts  was s ig n if ic a n tly  
associated  w ith  th e  in c re a s e d  f ib r in o g e n  level fo u n d  in  th e se  
p a tien ts  ( r= 0 .2 6 ) .  T h is  h a s  n o t p re v io u s ly  b een  re p o r te d .  
W hether a n  in c re a s e d  f ib r in o g e n  level cau ses  in c re a se d  
fibrin  fo rm ation  a n d  h e n c e  in c re a s e d  FD P 's rem ains to  be 
p roven . A n a s s e s sm e n t of th e  f ib r in o ly tic  sy stem  will he lp  
to c la r ify  th i s .  In  c h a p te r  6 of th is  th e s is  p lasm inogen  
ac tiva to r in h ib i to r  w as m e a su re d  to  d e te rm in e  if
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fib rin o ly tic  a c t iv i ty  is im p aired  in  p e r ip h e ra l  a r te r ia l  
d isease . C ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts  in c re a se d  
with a g e , a s  d id  f ib r in o g e n  le v e l. T he c o rre la tio n  of 
c ro s s - lin k e d  F D P 's  w ith  p lasm a v is c o s ity  can  p ro b a b ly  be  
exp la ined  b y  m u tu a l c o rre la tio n  w ith  th e  in c re a se d  
fib rin o g en  le v e l fo u n d  in  th e se  p a t ie n ts .
The ra is e d  le v e ls  of c ro s s - l in k e d  F D P 's  may b e  re la te d  to  
th rom bus fo rm atio n  in  th e se  p a t ie n ts ,  e . g .  d ep o s itio n  of 
fib rin  m ura l th ro m b i on th e  a r t e r y  w all, w hich  h a s  b een  
fre q u e n tly  o b s e rv e d  a t  n e c ro p s y  (M artin , 1989). 
C ro ss-lin k ed  F D P 's  w ere  h ig h e s t  in  p a t ie n ts  w ith  abdom inal 
aortic  a n e u ry s m , a n d  w ere  h ig h e r  in  p a t ie n ts  w ith  ischaem ic 
re s t p a in  th a n  in  p a t ie n ts  w ith  in te rm itte n t c la u d ic a tio n . 
The h ig h  le v e ls  fo u n d  in  p a t ie n ts  w ith  a n e u ry sm  may b e  
due to d e g ra d a tio n  of th e  lam inated  th ro m b u s  fo u n d  in  an  
aneurysm  sac  ( See P la te  5 ) . T he  ra is e d  lev e ls  in  p a t ie n ts  
with ischaem ic r e s t  p a in  m ay b e  d u e  to  th ro m b u s  in  th e  
a r te r ie s  d is ta l  to  a r te r ia l  o cc lu sio n ; o r  p o ss ib ly  d u e  to  
venous th ro m b o sis  (W h ittak e r e t  a l . , 1987) ca u se d  b y  s ta s is  
from limb d e p e n d e n c y  fo r  re lie f  of p a in ; o r  to  m icro throm bi 
in th e  m ic ro c irc u la tio n  in  c r it ic a l limb ischaem ia (Low e, 
1990).
In c o n tra s t  to  f ib r in o g e n  le v e ls , th e  lev e l of c ro s s - lin k e d  
FDP s w as n o t r e la te d  to  sm oking . S ta tis tic a l a n a ly s is  
showed th a t  in c re a s in g  ag e  r e s u l t s  in  in c re a se d  c ro s s - lin k e d  
fib rin  d e g ra d a tio n  p r o d u c ts ,  p o s s ib ly  due  to  in c re a s e d
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Plate 5
L am inated  throm bu s rem oved from  the sac o f an abdom inal 
aortic an eu rysm .
fib rin  d e p o s itio n  w ith  a g e . M ultiv aria te  a n a ly s is  show ed 
th a t ev en  w hen  th is  e f fe c t of ag e  w as ta k e n  in to  acc o u n t 
c ro s s - lin k e d  F D P 's w ere  s til l  s ig n if ic a n tly  h ig h e r  in  p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se  th a n  in  c o n tro ls .
The in c re a s e  in  c ro s s - l in k e d  F D P 's  in  p a t ie n ts  follow ing 
re c o n s tru c tiv e  v a s c u la r  s u r g e r y  in d ic a te s  in c re a se d  f ib r in  
form ation. T h is  w as p r e s e n t  a t  a mean d u ra tio n  of sev en  
months from  s u r g e r y ,  a n d  may b e  c au sed  b y  d ep o sitio n  of 
fib rin  on th e  p ro s th e t ic  g r a f t .  D eposition  of f ib r in  on 
p ro s th e tic  g r a f t s  h a s  b e e n  w ell docum ented  (D eB akey  e t 
a l . ,  1964; A n d e rso n  e t a l . , 1986). I t is  p o ss ib le  th a t
c ro ss -lin k e d  F D P 's  cou ld  b e  p ro g n o s tic  m a rk e rs  fo r  
su b se q u e n t v a s c u la r  g r a f t  o cc lu sio n . T h is  m erits  f u r th e r  
in v e s tig a tio n .
Red Cell A ggregation
Patien ts w ith  p e r ip h e ra l  a r te r ia l  d isea se  h ad  s ig n if ic a n tly  
in creased  re d  cell a g g re g a tio n . T h is  h a s  n o t p re v io u s ly  
been r e p o r te d .  H ow ever th e  in c re a se d  f ib r in o g e n  level 
found in  th e s e  p a t ie n ts  d id  n o t a p p e a r  to a cc o u n t fo r  th is :  
fib rinogen  d id  n o t c o r re la te  w ith  r e d  cell a g g re g a tio n . T h is  
is s u r p r is in g ,  s in c e  f ib r in o g e n  c o n c e n tra tio n  is a  major 
determ inan t of r e d  cell a g g re g a tio n  (R am pling , 1988). While 
tr ig ly ce rid e  d id  n o t c o r re la te  w ith  r e d  cell a g g re g a tio n  in  
the p a t ie n t s , th e r e  w as a  s ig n if ic a n t asso c ia tio n  be tw een  
tr ig ly ce rid e  le v e l a n d  r e d  cell a g g re g a tio n  in  c o n tro ls . T he 
cause of th e  r a is e d  r e d  cell a g g re g a tio n  in  p e r ip h e ra l
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a r t e r i a l  d ise a se  is  th e re fo re  u n c le a r .  A lth o u g h  th e  
haem atocrit lev e l is  sa id  to  h av e  le ss  e ffe c t on p h o to m etric  
red  cell a g g re g a tio n  th a n  th e  ESR (M yrenne ag g re g o m e te r  
m an u a l), a  s ig n if ic a n t in v e rs e  a sso c ia tio n  was n o ted  be tw een  
red  cell a g g re g a tio n  a n d  th e  h aem ato c rit ( r= -0 .3 8 , p < 0 .0 0 1 ), 
and th is  m ay re d u c e  c o rre la tio n s  be tw een  re d  cell 
ag g reg a tio n  a n d  c o n c e n tra tio n s  of a g g re g a tin g  p ro te in s  
( e .g .  f ib r in o g e n  a n d  V LD L). A lte rn a tiv e ly , some o th e r  
plasm a p ro te in  m ay b e  re s p o n s ib le  fo r  th e  in c re a se d  re d  cell 
ag g reg a tio n  in  p e r ip h e ra l  a r te r ia l  d ise a se .
Red cell a g g re g a tio n  w as h ig h e s t  in  p a t ie n ts  w ith  abdom inal 
aortic  a n e u ry sm  a n d  in  e x -sm o k e rs , co n d itio n s  w here  
haem atocrit w as r e la t iv e ly  low. T he low h aem ato c rit may 
explain  th e s e  tw o a s so c ia t io n s . T he  e f fe c ts  of h aem ato c rit 
on re d  cell a g g re g a tio n  in  p e r ip h e ra l  a r te r ia l  d isea se  a re  
shown (F ig u re  3 .1 8 ) .
The in c re a s e  in  r e d  cell a g g re g a tio n  in  th e se  p a tie n ts  could  
reflec t an  in flam m ato ry  p ro c e s s  in  a th e ro sc le ro s is ,  s in ce  re d  
cell a g g re g a tio n  is  in c re a s e d  in  o th e r  in flam m atory  
conditions (F r ie d e r ic h s  e t  a l . ,  1984). T h is  p o ss ib ili ty  is 
exam ined in  C h a p te r  4 of th is  th e s is .
One co n se q u e n c e  of th is  in c re a s e d  te n d e n c y  to  re d  cell 
ag g reg a tio n  in  p e r ip h e ra l  a r te r ia l  d isea se  could  be  a 
reduction  in  b lood  flow . L o w -sh ea r con d itio n s  c re a te d  b y  
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Figure 3.18
Red cell aggregation correlated with haematocrit.
a g g re g a te s ,  lo ca lly  in c re a s in g  b lood v is c o s ity , b lo c k in g  
a rte rio le s  a n d  o b s t r u c t in g  th e  m icro c ircu la tio n  (Lowe e t a l. , 
1987a; D itze l, 1959).
Fibrinogen
F ib rinogen  w as s ig n if ic a n tly  in c re a s e d  in  th e  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  com pared  to  c o n tro ls . T h is  
fin d in g  is  c o n s is te n t  w ith  p re v io u s  s tu d ie s  (H am er e t a l . ,  
1973; D orm andy  e t a l . , 1973a; H ugh so n  e t a l . ,  1978; Lowe 
et a l . , 1986). H ow ever m u ltiv a ria te  a n a ly s is  s u g g e s ts  th a t  
this d if fe re n c e  can  b e  e x p la in e d  b y  th e  e ffe c t of sm oking . 
When th e  e f fe c ts  of sm oking  a n d  age  w ere  ta k e n  in to  
acco u n t, th e r e  w as no s ig n if ic a n t d if fe re n c e  in  f ib r in o g e n  
level b e tw een  p a t ie n ts  a n d  c o n tro ls . T h is  e x p lan a tio n  fo r  
the in c re a s e d  f ib r in o g e n  lev e l in  p e r ip h e ra l  a r te r ia l  d isea se  
has no t b e e n  p re v io u s ly  r e p o r te d .
Age an d  sm ok ing  a re  b o th  r is k  fa c to rs  fo r  d ev e lo p in g  
p e r ip h e ra l a r te r ia l  d ise a se  (M eade, 1987a; H ughson  e t a l . ,  
1978; F ow kes, 1988). F ib rin o g e n  cou ld  a c t as a m ed iato r 
for th e se  tw o r i s k  f a c to r s .  T h e re  is  ev id en ce  fo r  a g en e tic  
com ponent to  b o th  p e r ip h e ra l  a r te r ia l  d ise a se  an d  f ib r in o g e n  
levels. A s t r o n g  a sso c ia tio n  h a s  b e e n  show n betw een  
ce rta in  g e n o ty p e s  co d in g  fo r  th e  f ib r in o g e n  p ro te in  an d  
plasma f ib r in o g e n  c o n c e n tra tio n s  (H um phries  e t a l . , 1987).
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The c o rre la tio n s  of f ib r in o g e n  w ith  w hite  cell co u n t an d  
p la te le t c o u n t a re  p ro b a b ly  due  to a g e n e ra lis e d  
inflam m atory p ro c e s s  in  a th e ro sc le ro s is  (R e iz e n s te in , 1979; 
S tu a r t e t  a l . , 1981). T h is  p o s s ib il i ty  is  f u r th e r  c o n s id e re d  
in c h a p te r  4.
Plasma V iscosity
Plasma v is c o s ity  w as s ig n if ic a n tly  in c re a se d  in  p a t ie n ts  w ith 
p e r ip h e ra l a r te r ia l  d ise a se  com pared  to  c o n tro ls , c o n s is te n t 
with p re v io u s  s tu d ie s  (D orm andy  e t a l . , 1973a, Lowe e t a l. , 
1986).
M ulitvariate  a n a ly s is  s u g g e s ts  th a t  th is  can  be  ex p la in ed  b y  
the e ffe c t of a g e . P lasm a v is c o s ity  in c re a se d  w ith  age 
(r= 0 .20 , p < 0 .0 5 ) . When th is  e f fe c t of age  w as ta k e n  in to  
account th e re  w as no  s ig n if ic a n t d iffe re n c e  b e tw een  p a t ie n ts  
and c o n tro ls .
T here w as a n  e x p e c te d  s t r o n g  c o rre la tio n  w ith  f ib r in o g e n , a 
major d e te rm in a n t of p lasm a v is c o s ity  (H a rk n e s s ,  1971). 
Plasma v is c o s ity  a lso  c o r re la te d  w ith  c ro s s - lin k e d  F D P 's , 
p ro b ab ly  a n  a s so c ia tio n  m ed ia ted  th ro u g h  m utual c o rre la tio n s  
with f ib r in o g e n . T h e  c o rre la tio n s  w ith  p la te le t co u n t an d  
white cell c o u n t a g a in  s u g g e s t  a g e n e ra l in c re a se  in  fa c to rs  
re la ted  to  inflam m ation  in  p e r ip h e ra l  a r te r ia l  d isea se  
includ ing  p ro te in  r e a c tio n s .
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White Cell Count
White cell c o u n t w as s ig n if ic a n tly  in c re a s e d  in  p e r ip h e ra l  
a r te r ia l d ise a se  c o n s is te n t  w ith  p re v io u s  s tu d ie s  (A lderm an  
et a l . ,  1981; C iu f fe t ti  e t  a l . ,  1988).
White cell c o u n t w as a s so c ia te d  w ith  ischaem ia . I t was 
s ig n if ican tly  h ig h e r  in  ischaem ic r e s t  p a in  th a n  in  
in te rm itte n t c la u d ic a tio n  o r  abdom inal a o r tic  a n e u ry sm  an d  
co rre la ted  in v e r s e ly  a n d  s ig n if ic a n tly  w ith  th e  an k le  
b rach ia l p r e s s u r e  in d e x .
White cell c o u n t w as a s so c ia te d  w ith  c ig a re tte  sm oking . T he 
inc rease  in  w h ite  cell c o u n t in  sm okers h as  b een  p re v io u s ly  
re p o rte d  a n d  m ay p e r s i s t  a f te r  s to p p in g  sm oking  (P e t i t t i  & 
Kipp, 1986). M u ltiv a ria te  a n a ly s is  show ed th a t  th e  in c re a se  
in w hite cell c o u n t in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d isease w as in d e p e n d e n t of th e  sm oking  re la te d  e f fe c t .
This in c re a s e d  w h ite  cell co u n t could  also  p rom ote 
ischaem ia. W hite ce lls  h av e  a  la rg e r  cell volum e a n d  a re  
th ree  o rd e r s  of m a g n itu d e  le ss  defo rm ab le  in  cap illa rie s  th a n  
red  cells (C h ie n , 1988). T h e se  rh eo lo g ica l e f fe c ts  in c re a se  
flow re s is ta n c e  a n d  lead  to  p r e s s u r e  d e p e n d e n t p lu g g in g  of 
capillaries in  th e  low flow s ta te s  th a t  o c c u r in  ischaem ia 
(Lowe, 1990). Ischaem ia  of th e  low er lim bs cau ses
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a c t i v a t i o n  of w h ite  cells  (N ash  e t a l . , 1988; H ickey  e t a l. , 
1990). T h is  m ay th e n  in c re a s e  a d h e s iv e  fo rc e s  be tw een  
im pacted le u c o c y te s  a n d  c a p illa ry  endo thelium  p re v e n t in g  
full r e s to ra t io n  of c a p illa ry  flow (Low e, 1987a, 1990; E rn s t 
et a l . , 1 9 8 7 a).
Hence in c re a s e d  w h ite  cell co u n t m ight c o n tr ib u te  to  
ischaem ia a n d  a c t iv a te d  w h ite  cells  may c o n tr ib u te  to t is s u e  
in ju ry  in  ischaem ic  c o n d itio n s .
Lipids
This s tu d y  fo u n d  in c re a s e d  tr ig ly c e r id e  an d  d e c re a se d  HDL 
cho lestero l le v e ls  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  
com pared to  c o n t ro l s . T o ta l c h o le s te ro l leve l was no t 
s ig n if ican tly  d if f e r e n t  b e tw ee n  p a t ie n ts  an d  c o n tro ls .
In creased  tr ig ly c e r id e  a n d  d e c re a se d  HDL c h o le s te ro l a re  
im portan t r is k  fa c to r s  fo r  p e r ip h e ra l  a r te r ia l  d isea se  
(H ughson e t  a l . , 1978; F ow kes, 1988; Meerloo & B illim oria, 
1979; B ih a r i-V a rg a  e t  a l . , 1981). T h is  is s u p p o r te d  in  th is  
s tu d y . H ow ever i t  c a n n o t b e  assum ed  th a t  tr ig ly c e r id e  
alone is  a n  im p o r ta n t r i s k  f a c to r ,  s in ce  serum  tr ig ly c e r id e  
co n ce n tra tio n s  a r e  r e la te d  in v e rs e ly  to  HDL c o n c e n tra t io n s . 
The in d e p e n d e n t e f fe c t of t r ig ly c e r id e  h as  no t b een  
ad eq u a te ly  exam ined  in  p e r ip h e ra l  a r te r ia l  d isea se  (F ow kes, 
1989).
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An in c re a se d  HDL lev e l is  th o u g h t to a ffo rd  some p ro te c tio n  
from th e  d ev e lo p m en t of p e r ip h e ra l  a r te r ia l  d isea se  
(T hom pson, 1987). T he  low er lev e l of HDL c h o le s te ro l in  
males may p a r t l y  e x p la in  th e  p re p o n d e ra n c e  of males w ith  
p e rip h e ra l a r te r ia l  d is e a s e . T h e re  w as no e ffe c t of sm oking  
on HDL lev e l in  th is  s tu d y .
This s tu d y  show ed  no in c re a s e  in  to ta l ch o les te ro l lev e ls  in  
p a tien ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  com pared  to 
con tro ls. T h e  m a jo rity  of case  c o n tro l s tu d ie s  co n d u c te d  on 
hospital p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  hav e  fo u n d  
h igher to ta l c h o le s te ro l lev e ls  com pared  to  co n tro ls  
(Ju e rg en s  e t  a l . ,  1960; G re e n h a lg h  e t  a l . , 1971; Jaco b sen  
et a l . , 1984; B liss  e t  a l . , 1972; S k re d e  & K v a rs te in , 1975; 
G reenhalgh  e t a l . , 1981; L ip in sk a  e t a l . ,  1979; A n g q u is t e t 
a l . , 1982; T r a y n e r  e t  a l . , 1980). H ow ever in  o th e r  s tu d ie s  
no major d if fe re n c e s  w ere  fo u n d  (S ir to r i  e t a l . , 1974;
Vyden e t a l . , 1975; S c h ra d e  e t  a l . ,  1960; D orm andy e t a l . , 
1973a). H ence th e  ro le  of c h o le s te ro l in  p e r ip h e ra l  a r te r ia l  
disease is  le s s  c e r ta in  (F o w k es, 1988).
Haematocrit
Haematocrit w as n o t s ig n if ic a n tly  in c re a se d  in  all p a tie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  c o n tro ls . T h is 
can be e x p la in e d  b y  th e  low h aem ato c rit fo u n d  in  p a tie n ts  
with abdom inal a o r t ic  a n e u ry sm . P a tie n ts  w ith  occ lu sive
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disease 1 in te rm it .tout c lau d ica tio n  an d  ischaem ic r e s t  pa in ) 
had a s ig n if ic a n tly  in c re a se d  haem atoc rit com pared to  
c o n tro ls , a n d  com pared  to  p a t ie n ts  w ith  abdom inal a o r tic  
aneu ry sm .
In th is  s tu d y  a  h ig h  h aem a to c rit was th e re fo re  a sso c ia te d  
with o cc lu siv e  d is e a s e  a n d  n o t w ith  an eu ry sm a l d ise a se .
The s ig n if ic a n tly  h ig h e r  h aem ato c rit (a n d  low er HDL 
cho leste ro l le v e l)  in  m ales m ay p a r t ly  ex p la in  th e  h ig h  
incidence of p e r ip h e ra l  a r te r ia l  d isea se  in  m ales. T he 
s ig n ifican t in c re a s e  in  h aem a to c rit b y  c ig a re tte  sm oking  in  
both  p a t ie n ts  a n d  c o n tro ls  confirm s th e  p re v io u s  s tu d ie s  
(D in te n fa ss , 1975; Lowe e t  a l . , 1980).
Platelet Count
While p la te le t  c o u n t w as n o t s ig n if ic a n tly  in c re a se d  in
p a tien ts  co m p ared  to  c o n tro ls ,  th e re  was an  asso c ia tio n  w ith  
ischaem ia. P la te le t c o u n t in v e rs e ly  c o r re la te d  w ith  th e  
ankle b ra c h ia l  p r e s s u r e  in d e x .
P latelet c o u n t in c re a s e d  s ig n if ic a n tly  in  p a t ie n ts  n o t
opera ted  u p o n , who w ere  follow ed u p  fo r  3-12 m on ths.
This a sso c ia tio n  w ith  ischaem ia a n d  in c re a se  in  p la te le t 
count a f te r  3-12 m o n th s , s u g g e s ts  th a t  p la te le ts  a re  
associa ted  w ith  p ro g re s s io n  of d ise a se . T h is  is s u p p o r te d  
by  H ess e t  a l. who re p o r te d  th a t  a s p ir in  a n d  d ipyridam ole 
delayed p r o g r e s s  o f a r te r ia l  d isea se  w hen m easu red  b y
serial a r te r io g ra m s  (H ess  e t a l . ,  1985).
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The c o rre la tio n s  w ith  f ib r in o g e n , p lasm a v isc o s ity  an d  w hite  
cell co u n t a re  p ro b a b ly  re la te d  to  a g e n e ra lis e d  re a c tiv e  
p ro c e s s .
Haemoglobin
While haem oglob in  w as n o t s ig n if ic a n tly  in c re a se d  in  p a t ie n ts  
com pared to  c o n t ro l s , th e re  w as a s ig n if ic a n t e ffe c t 
following r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .  H aem oglobin 
d ec reased  a t  3-12 m on ths fo llow ing s u r g e r y ,  b u t  in c re a se d  
in p a tie n ts  a t  3-12 m on ths who d id  no t h av e  s u r g e r y .  T he 
drop in  haem oglob in  lev e l fo llow ing r e c o n s tru c tiv e  v a s c u la r  
s u rg e ry  c a n n o t b e  e a s ily  e x p la in ed  b y  blood loss a t  
o p era tion . T h is  f in d in g  w as p r e s e n t  3-12 m onths (m ean 7 
m onths) fo llow ing  s u r g e r y .  T h is  s u g g e s ts  th a t  th e  
ischaem ic limb m ay s tim u la te  an  in c re a se  in  haem oglobin 
co n cen tra tio n  to  c a r r y  o x y g e n  to  th e  t is s u e s  w hich  does n o t 
occur w ith  th e  im proved  c irc u la tio n  follow ing 
re v a s c u la r is a tio n .
Other correlations
Age c o r re la te d  in v e r s e ly  w ith  th e  an k le  b ra c h ia l p r e s s u r e  
index . A ge is  a r i s k  fa c to r  fo r  p e r ip h e ra l  a r te r ia l  d isea se  
and th e  c o r re la tio n  in  th e se  p a t ie n ts  may sim ply be  an  
indication of p ro g re s s iv e  a r te r ia l  d isea se  as th e  p a t ie n ts  g e t 
older.
153
Ankle b ra c h ia l p r e s s u r e  in d e x  c o r re la te d  w ith  b o d y  m ass 
index . A sso c ia ted  a th e ro s c le ro s is  of th e  m e sen te ric  v e s se ls  
may in te r f e r e  w ith  food a b s o rp tio n  (W att, 1968, 1972).
Abdominal Aortic Aneurysm
D uring  th is  p r e s e n t  s tu d y  u lt ra s o u n d  was p e rfo rm e d  to  
determ ine th e  in c id e n c e  of abdom inal a o r tic  an eu ry sm  in  100 
p a tie n ts  w ith  in te rm itte n t  c la u d ica tio n . A 6% in c id en ce  of 
abdom inal a o r tic  a n e u ry sm  w as fo u n d .
While it  is  g e n e ra lly  a c c e p te d  th a t  a th e ro sc le ro s is  is  th e  
u n d e rly in g  p a th o lo g y , abdom inal a o r tic  an e u ry sm s  d if fe r  
from o cc lu siv e  d ise a se  in  some re s p e c ts  (R eid  e t a l . , 1990). 
In th is  s tu d y  p a t ie n ts  w ith  abdom inal a o r tic  an eu ry sm  h ad  
s ig n ifican tly  h ig h e r  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  
p ro d u c ts , r e d  cell a g g re g a tio n ,  d e c re a se d  h aem ato c rit an d  
HDL c h o le s te ro l,  com pared  to  p a t ie n ts  w ith  occ lu sive  
p e r ip h e ra l a r te r ia l  d is e a s e .
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CHAPTER 4
The Role of In terleu k in -6 in Peripheral Arterial Disease
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INTRODUCTION
Plasma f ib r in o g e n  is  r a is e d  in  p a t ie n ts  w ith  p e r ip h e ra l  
v a scu la r d ise a se  (se e  C h a p te r  3 ) . T he c y to k in e , 
in te r le u k in -6  re g u la te s  l iv e r  s y n th e s is  of f ib r in o g e n  an d  
o the r a c u te  p h a s e  re a c tiv e  p ro te in s  (C as te ll e t a l . , 1988a). 
This c h a p te r  in v e s t ig a te s  th e  ro le  of in te r le u k in -6  (IL -6 ) in  
p a tien ts  w ith  p e r ip h e ra l  v a s c u la r  d ise a se . T h is  h a s  no t 
p rev io u s ly  b e e n  r e p o r te d .
Inflam m ation r e s u l t in g  from  t is s u e  in ju ry  cau ses  an  in c re a se  
in the  c o n c e n tra tio n  of l iv e r  d e r iv e d  plasm a p ro te in s .  T h is  
system ic r e s p o n s e  to  in ju ry ,  inflam m ation, a n d  tis s u e  
damage is  te rm e d  th e  " a c u te  p h a se  re sp o n se "  (W hicher & 
D ieppe, 1985). T h e  p lasm a p ro te in s  p ro d u c e d  b y  th e  liv e r  
have an  im p o rta n t ro le  in  th e  inflam m atory  p ro c e s s .  T h ey  
are te rm ed  th e  a c u te  p h a s e  re a c tiv e  p r o te in s . T he a c u te  
phase r e s p o n s e  a lso  c o n s is ts  of s e v e ra l sy stem ic  re sp o n se s  
in c lud ing  f e v e r ,  ta c h y c a rd ia ,  n e t catabolism  a n d  a 
le u co cy to s is . F ib r in o g e n  a n d  C -re a c tiv e  p ro te in  (C R P) a re  
two of th e  a c u te  p h a s e  re a c tiv e  p ro te in s .  T h ese  an d  o th e rs  
are show n in  T ab le  4 .1 .
The h e p a to c y te  is  th e  m ajor s ite  of s y n th e s is  fo r  th e  a cu te  
phase p r o te in s ,  a ll o f w h ich  can  be  s y n th e s is e d  b y  a s in g le  
cell (W hicher & D iep p e , 1985).
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Table 4.1 
Acute Phase Reactive Proteins 
(after W hicher & Dieppe, 1985)
M ediators
C-reactive protein




















Scavengers Imm une Reaction
Haptoglobin C-reactive protein
Serum amyloid A protein Orosomucoid
Caeruloplasmin
The re g u la tio n  of th e  a c u te  p h a se  re sp o n se  is know n to  be  
m ediated b y  in te r le u k in s .  T h ese  p e p tid e s  re g u la te  m any 
cellu lar fu n c tio n s  in c lu d in g  cell g ro w th , cell g ro w th  
in h ib itio n , a s  well a s  cell d if fe re n tia tio n  a n d  p ro te in  
sy n th e s is  (S p o rn  & R o b e r ts ,  1988). In te r le u k in -6  is a 
m ultifunc tional c y to k in e  p ro d u c e d  b y  lym phoid  (T  ce lls , B 
ce lls ) , an d  n o n -ly m p h o id  cells (en d o th e lia l c e lls , f ib ro b la s ts  
and m a c ro p h a g e s ) . I t  is  a lso  p ro d u c e d  b y  m onocy tes, 
k e ra tin o c y te s  a n d  b y  c e r ta in  tu m o u r cells (H irano  & 
Kishimoto, 1990).
IL-6 r e g u la te s  th e  h e p a tic  s y n th e s is  of a c u te  p h a se  re a c tiv e  
p ro te in s , h aem o p o ies is , a n d  th e  immune re s p o n s e . IL-6 
enhances p h a g o c y to s is  (A n d u s  e t a l . , 1987; O kano e t a l . , 
1989; Is h ib a s h i e t  a l . , 1 9 8 9 a ,b ; H irano  e t a l . , 1986; Lotz e t 
a l . ,  1988; H irano  & K ishim oto, 1990).
Hepatocyte Stimulation.
IL-6 h as  b e e n  show n to  be  id e n tica l to h e p a to c y te  
stim ulating  f a c to r  (H S F ), (A n d u s  e t a l . ,  1987). In  v itro  
experim en ts  h a v e  show n th a t  i t  in d u c e s  s y n th e s is  of 
fib rinogen  a n d  a  v a r ie ty  of o th e r  a cu te  p h a se  re a c tiv e  
p ro te in s  in  hum an p r im a ry  h e p a to c y te s  an d  also  in  th e  
human hepatom a cell line  H ep G2 (C as te ll e t a l . ,  1988b).
157
Haemopoietic Progenitors
IL-6 in c re a s e s  th e  n u m b e r of haem opoietic stem  cells 
sy n e rg is tic a lly  w ith  IL-3 (O kano  e t  a l . , 1989). I sh ib a s h i e t 
al. (1989a) d e m o n s tra te d  th a t  IL-6 in d u c e s  m a tu ra tio n  of 
m eg ak ary o cy tes  in  v i t r o .  T h e y  show ed  th a t  a d m in is tra tio n  
of IL-6 in c re a s e s  p la te le t  n u m b e rs  in  mice ( I s h ib a s h i e t a l . , 
1989b). T h e se  s tu d ie s  in d ic a te  th a t  IL-6 fu n c tio n s  as a 
th rom bopoietic  f a c to r .  In  a c c o rd an ce  w ith  th e se  r e s u l ts  
Suem atsu e t  a l. (1989) fo u n d  an  in c re a se  in  m a tu re  
m egak ary o cy tes  in  b o n e  m arrow  of IL-6 tra n s g e n ic  m ice.
The p lasm a h a lf  life  of hum an IL-6 fo u n d  f re e  in  th e  p lasm a 
is th re e  m in u te s . H ow ever i t  h a s  b een  show n to  b e  b o u n d  
to a c a r r i e r  p ro te in  in c re a s in g  i t s  h a lf  life  to  a b o u t 55 
m inutes (C a s te l l  e t  a l . ,  1988b). T he c a r r ie r  p ro te in  h as  
been id e n tif ie d  as  a lp h a -2-m acrog lobu lin  (M atsuda e t  a l . , 
1989), w hich  does n o t in h ib it  IL-6 a c tiv ity  b u t  p ro te c ts  it  
from d e g ra d a tio n . IL -6  h a s  b e e n  d e m o n stra te d  to  in d u c e  
a lp h a -2 -m acro g lo b u lin  p ro d u c tio n  in  r a ts  (A n d u s , 1987; 
G auldie, 1987). A lp h a -2-m acrog lobu lin  is  th e re fo re  
im portan t fo r  IL -6  fu n c tio n  as  i t  t r a n s p o r ts  IL-6 from  th e  
site of i t s  p ro d u c tio n  to th e  l iv e r ,  an d  to  th e  haem opoietic 
p ro g e n ito r s . I t  th e re fo re  c o n n ec ts  th e  s ite  of in ju ry  w ith  
the p ro c e s s  of th e  a c u te  p h a se  re s p o n s e . 
A lpha-2-m ac ro g lo b u lin  a lso  c a u se s  "c lum ped” r e d  cell 
ag g reg a tio n  ( S ch m id -S c h o n b e in  e t  a l . , 1973, see  C h a p te r
1) .
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In su m m ary , In te r le u k in -6  h a s  b een  show n to  re g u la te  th e  
liver s y n th e s is  of f ib r in o g e n  in  th e  a c u te  p h a se  re s p o n se  
and also  to  r e g u la te  haem opoietic  p ro g e n ito r s ,  in d u c in g  
p h a g o c y to s is , m a tu r in g  m e g ak a ry o cy te s  a n d  in c re a s in g  th e  
p la te le t c o u n t. T he  a c u te  p h a se  re sp o n s e  is  accom panied  
by  a le u c o c y to s is . L eu c o ey to s is  is  a lso  p r e s e n t  in  p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se  (A lderm an  e t a l . ,  1981). 
Serum IL-6 is  r a is e d  in  t i s s u e  in ju ry ,  e .g .  s u r g e r y
(C rd ic k sh a n k  e t  a l . , 1990), a n d  is  know n to b e  p ro d u c e d
by e n d o th e lia l c e l ls ,  an d  b y  f ib ro b la s ts  an d  m acro p h ag es  
(H irano & K ishim oto , 1990). T h ese  cells a re  fo u n d  
h isto log ica lly  a t  th e  s ite  of a th e ro s c le rc t ic  p la q u e s . T h is
ra ises  th e  p o s s ib il i ty  th a t  if  IL-6 was fo u n d  to  be  e le v a te d
in p a t ie n ts  w ith  a r te r ia l  d is e a s e , i t  may in d ic a te  an  
inflam m atory r e s p o n s e  to  th e  dam aged v e s se l w all, w hich  in  
tu rn  m ight m ed ia te  th e  in c re a s e d  f ib r in o g e n  lev el a n d  th e  
in c reased  w h ite  b lood  cell co u n t in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l d is e a s e .
TL-6 in d u c e s  p ro d u c tio n  of a lp h a -2-m acrog lobu lin  w hich  is 
its c a r r ie r  p ro te in  (A n d u s  e t  a l . , 1987; G auld ie , 1987). If  
IL-6 was fo u n d  to  b e  ra is e d  in  p e r ip h e ra l  a r te r ia l  d isea se  i t  
could in  p a r t  e x p la in  th e  in c re a s e d  re d  cell a g g re g a tio n  
found in  th e s e  p a t ie n ts  (C h a p te r  3 ) .
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Aims
With th is  in  m ind , IL -6  se ru m  c o n c e n tra tio n s  w ere m easu red
in p a t ie n ts  a n d  a lso  c o n tro ls  w ith  th e  follow ing aim s:
1 To d e te rm in e  if  IL-6 is ra is e d  in  p a t ie n ts  w ith
p e r ip h e ra l  a r te r ia l  d is e a se .
2 To d e te rm in e  if  IL-6 is  a s so c ia te d  w ith  th e  in c re a s e d  
f ib r in o g e n  le v e l fo u n d  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d is e a s e .
3 To d e te rm in e  if  IL -6 is  a s so c ia te d  w ith  th e  ra is e d  w hite  
cell co u n t fo u n d  in  p e r ip h e ra l  a r te r ia l  d isea se  o r  w ith  
re d  cell a g g re g a t io n ,  c ro s s - l in k e d  FD Ps, p la te le ts ,  
p lasm a v is c o s ity  o r  lip id s .
4 To d e te rm in e  if  IL -6  is  re la te d  to  c ig a re tte  sm oking
( i . e .  cou ld  c ig a re t te  sm oking  s tim u la te  IL-6
p r o d u c t io n ? ) .
5 To d e te rm in e  if  IL -6 is  a s so c ia te d  w ith  C -re a c tiv e
p ro te in  le v e ls  (a s  an  in d ic a to r  of th e  a c u te  p h a se
re s p o n s e )  in  p a t ie n ts  w ith  p e r ip h e ra l a r te r ia l  d ise a se .
6 To d e te rm in e  if  IL-6 is  a sso c ia te d  w ith  re d  cell
a g g re g a tio n  th ro u g h  an  in c re a se d  p ro d u c tio n  of 
a lp h a -2-m ac ro g lo b u lin  in  p a t ie n ts  w ith  p e r ip h e ra l  




IL-6 se ru m  c o n c e n tra tio n  w as m e asu red  in  28 p a t ie n ts  w ith  
p ro v en  p e r ip h e ra l  a r te r ia l  d ise a se  an d  com pared  to  18 age 
m atched c o n tro ls  w ith o u t e v id en ce  of v a sc u la r  d is e a se . Of 
the 28 p a t ie n ts ,  10 p a t ie n ts  h ad  in te rm itte n t c lau d ica tio n , 
nine h ad  ischaem ic  r e s t  p a in , an d  n ine  h ad  abdom inal a o r tic  
an eu ry sm s. No p a t ie n t  h a d  an  a c u te  illn e ss  o r  s e p s is  an d  
none of th e  p a t ie n ts  w ith  ischaem ic r e s t  p a in  h ad  u lc e ra tio n  
or g a n g re n e . No p a t ie n t  h ad  u n d e rg o n e  s u r g e r y  in  th e  
p re c e e d in g  th r e e  m o n th s; no p a t ie n t  h ad  a know n 
inflam m atory  co n d itio n  su c h  a s  rh eu m a to id  a r th r i t i s .
Protocol and A ssays
V enous b lood  w as ta k e n .  Serum  IL-6 leve l w as m easu red  
by  th e  h y b rid o m a  g ro w th  stim u la tio n  a s s a y  u s in g  th e  mouse 
B-cell h y b rid o m a  7TD1 line  (C oulie e t a l . , 1987). Cell
num bers w ere  e v a lu a te d  co lo rim etrica lly  u s in g  M TT, a 
te trazo lium  s a lt  c leav ed  b y  d e h y d ro g e n a se  enzym es p r e s e n t  
in liv in g  c e l l s . S ta n d a rd is a tio n  w as p e rfo rm e d  u s in g  
recom binan t IL -6  w hich  h a d  b e e n  a s s ig n e d  a sp ec ific  
ac tiv ity  of 10 u n i t s / m ic ro g ram , i . e .  1 u n it  ap p ro x im ate  to  1 
picogram . S erum  sam ples w ere  h e a t t r e a te d  a t 56 °C fo r  30 
m inutes b e fo re  a n a ly s is  to  in a c tiv a te  a n y  in h ib ito r s .  T he 
detection  lim it fo r  th is  b io a ssa y  was ap p ro x im ate ly  12 
units /ml a n d  th e  im p rec is io n  (co e ffic ien t of v a r ia tio n )  
calcu la ted  from  20 c o n se c u tiv e  a s s a y s  was 19%. T he 
specific ity  of th e  a s s a y  h a s  b een  confirm ed u s in g  a 
polyclonal n e u t r a l is in g  IL-6 a n tib o d y .
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C -reac tiv e  p ro te in  w as m easu red  by  a f lu o re sc e n c e  
p o la risa tio n  im m unoassay  (TD X , A b b o tt, W okingham , 
B e rk sh ire )  w h ich  h a s  a d e te c tio n  lim it of 10 mg/1.
A lpha-2-m ac ro g lo b u lin  was m easu red  b y  an
im m unotu rb id im etric  a s s a y  u s in g  an ti-h u m a n
a lp h a -2-m ac ro g lo b u lin  (A tla n tic  A n tib o d y ) . T he r e s u l t in g  
tu rb id ity  w as m e a su re d  u s in g  an  E ncore  a n a ly z e r  (B a k e r ) .
In th e  p a t ie n ts ,  p lasm a le v e ls  of f ib r in o g e n , c ro s s - lin k e d  
FDPs a n d  p lasm a v is c o s ity ,  r e d  cell a g g re g a tio n , 
carboxyhaem oglob in  le v e ls , h a e m a to c rit, to ta l c h o le s te ro l, 
tr ig ly c e r id e  a n d  HDL c h o le s te ro l,  w h ite  blood c o u n t, r e d  
blood c o u n t, haem o g lo b in , m ean cell volum e an d  p la te le t 
count w ere  m e a su re d  ( fo r  d e ta ils  of m easu rem en ts  see  
C hap ter 2 ) .  T h e  a n k le  b ra c h ia l p r e s s u r e  in d e x , h e ig h t ,  
w eight a n d  b o d y  m ass w ere  also  m e asu re d .
Statistics
IL-6 a n d  C - re a c tiv e  p ro te in  w ere  n o t norm ally  d is tr ib u te d  in  
these s u b je c ts .  C om parison  of th e se  g ro u p s  was th e re fo re  
perform ed b y  M ann-W hitney  U t e s t s ,  an d  c o rre la tio n s  w ere 
perform ed u s in g  S p e a rm a n 's  r a n k  t e s t s .
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RESULTS
Serum IL-6 c o n c e n tra tio n  was ra is e d  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  com pared  to  c o n tro ls  (p < 0 .0 5 ). 
(See T ab le  4 .2  a n d  F ig u re  4 .1 ) .
IL-6 c o r re la te d  s ig n if ic a n tly  w ith  CRP. T he c o rre la tio n  
co -e ffic ien t fo r  IL -6  v e r s u s  CRP was 0.61 (p < 0 .0 1 ), (see  
Table 4 .3 ) .  CRP was n o t in c re a se d  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  ( th e  m edian va lue  was u n d e r  th e  
detection  lim it fo r  th e  a s s a y ) .
IL-6 c o r re la te d  in v e rs e ly  w ith  th e  m ean cell volum e. T he 
co rre la tion  c o -e ff ic ie n t fo r  IL-6 v e r s u s  MCV was -0 .4 3  
(p< 0 .05).
While IL-6 d id  n o t c o r re la te  s ig n if ic a n tly  w ith  f ib r in o g e n  
level o r  w h ite  cell co u n t th e re  w ere  t r e n d s  to w ard s  
s ig n ifican t c o r re la t io n s .  T h e re  w ere also  t r e n d s  to w ard s  
s ign ifican t c o r re la tio n s  b e tw ee n  IL-6 a n d  p lasm a v is c o s ity , 
and b e tw een  IL-6 a n d  tr ig ly c e r id e .  C ro ss - lin k e d  F D P 's ,  
red  cell a g g re g a t io n ,  p la te le t  c o u n t, h aem a to c rit, fu ll blood 
count, ca rb o x y h a em o g lo b in , to ta l c h o le s te ro l, HDL 
cho lestero l, b o d y  m ass in d e x  an d  th e  an k le  b ra c h ia l 
p re s su re  in d e x  d id  n o t c o rre la te  s ig n if ic a n tly  w ith  IL -6 . 
(See T ab le 4 . 3 ) .
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Table 4.2
Com parison of serum IL-6 concentrations 
(units/ml) in patients and controls.
Test Controls Patients with PVD p value
Serum IL-6













F igu re  4 .1
A comparison of levels of serum interleukin - 6 in controls and patients with 
peripheral arterial disease.
Table 4.3
IL-6 correlations (Spearm an's rank) in patients with  
peripheral arterial disease.
Variable PlillS p value
C-reactive protein 0.61 p<0.01
Mean cell volum e -0.43 (inversely) p<0.05
Fibrinogen 0.32 N.S. p=0.09
W hite blood cell count 0.26 N.S. p=0.17
Red cell aggregation -0.01 (inversely) N.S
Cross-linked Fibrin Degradation Products -0.11 (inversely) N.S.
Platelets 0.06 N.S.
Plasma Viscosity 0.29 N.S. p=0.12
Total Cholesterol 0.03 N.S
Triglyceride 0.28 N.S. p=0.18
HDL C holesterol -0.08 (inversely) N.S.
H aem atocrit 0.22 N.S.
Alpha-2-m acroglobulin 0.06 N.S.
Red blood count 0.21 N.S.
Haemoglobin 0.06 N.S.
Body m ass index -0.05 (inversely) N.S.
Age 0.16 N.S.
Carboxyhaem oglobin 0.05 N.S.
Ankle Brachial Pressure Index 0.10 N.S.
T here  was no s ig n if ic a n t d if fe re n c e  b e tw een  IL-6 levels  in  
p a tie n ts  w ith  in te rm itte n t  c la u d ica tio n , ischaem ic r e s t  p a in  
or abdom inal a o r tic  a n e u ry sm : i . e .  i t  d id  no t c o rre la te  w ith
the clin ica l s e v e r i ty  of ischaem ia o r  ty p e  of d isease  (See 
F igure 4 .2 ) .
T here w as no s ig n if ic a n t d if fe re n c e  be tw een  th e  IL-6 levels  
in p a tie n ts  who w ere  c u r r e n t ly  sm oking  an d  in  p a t ie n ts  who 
were d e f in ite ly  e x -sm o k e rs  - confirm ed  b y  th e i r  
carboxyhaem oglob in  le v e ls . (S ee  F ig u re  4 .3 ) .
A lpha-2-m ac ro g lo b u lin  lev e l w as d e c re a se d  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d ise a se  com pared  to  co n tro ls  (p < 0 .0 5 ). 
A lpha-2-m ac ro g lo b u lin  d id  n o t c o rre la te  s ig n if ic a n tly  w ith  
IL-6 leve ls  o r  re d  cell a g g re g a tio n  (See T ab les 4 .3  an d  
4 .4 ).
DISCUSSION
The ra is e d  IL -6  le v e ls  fo u n d  in  p a t ie n ts  w ith  p e r ip h e ra l 
a r te r ia l d is e a se  in d ic a te s  th a t  th e re  is an  o ngo ing  ch ro n ic  
inflam m atory p r o c e s s . T h is  ra is e d  leve l is no t as  h ig h  as 
levels fo u n d  fo llow ing  m ajor a c u te  t is s u e  in ju ry  ( e .g .  major 
s u rg e ry ) ,  s u g g e s t in g  th a t  a n y  inflam m atory  p ro c e s s  
o ccu rrin g  is  a  lo w -g ra d e  one (C ru ic k sh a n k  e t a l . , 1990). 
However th e  ra is e d  lev e l of IL-6 in  th e  p a tie n ts  w ith  
P erip h era l a r te r ia l  d ise a se  was sim ilar to  th a t  in  th e  
pa tien ts  u n d e rg o in g  m inor s u r g e r y  in  th e  s tu d y  b y
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Figure 4.2
A comparison of levels of serum interleukin - 6 in controls and patients with
intermittent claudication (I.CLAUD),ischaemic rest pain and abdominal
aortic aneurysm (AAA).
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F ig u re  4 .3
A comparison of levels of serum interleukin - 6 in ex-smokers and 
current smokers in patients with peripheral arterial disease.
Table 4.4
Com parison of serum alpha-2-m acroglobulin  
in patients and controls
T est Controls Patients with PVD p value
Serum alpha-2-
macroglobulin
(g/L) Mean 2.95 2.07 p<0.01
S.D. 0.95 0.65
n 18 28
C ru ic k sh a n k  e t  a l . (1990). F u r th e r  ev id en ce  of th e  
invo lvem ent of IL -6  in  a low g ra d e  in flam m atory  p ro c e s s  was 
the s ig n if ic a n t c o rre la tio n  of CRP w ith  IL -6 , a lth o u g h  CRP 
was no t in c re a s e d  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d isease . T h e  se ru m  CRP c o n c e n tra tio n  re la te s  p o o rly  to  th e  
e x ten t of t i s s u e  d am age, i t s  re s p o n se  b e in g  an  "all o r  
n o th in g ” phen o m en o n  (C o lley  e t a l . , 1983).
The ra is e d  le v e ls  o f IL -6  m ay b e  due  to  t is s u e  dam age of 
the a th e ro m a to u s  v e s se l w all, i . e .  the  a th e ro m ato u s  p ro c e s s  
may b e  s tim u la tin g  IL-6 p ro d u c tio n . T he fa c t th a t  IL-6
level d id  n o t c o r re la te  w ith  carboxyhaem og lob in  an d  was 
equal in  sm o k ers  a n d  e x -sm o k e rs  s u g g e s ts  th a t  c ig a re tte  
sm oking is  n o t a  d ir e c t  s tim u lu s  fo r  IL-6 p ro d u c tio n .
The in c re a s e d  IL -6  le v e ls  in  p e r ip h e ra l  a r te r ia l  d isea se
might ex p la in  some of th e  "n on -sm ok ing"  re la te d  ra is e d
fib rinogen  a n d  r a is e d  w h ite  cell co u n t lev e ls  in  p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d is e a s e . T he t r e n d  to w ard s  a 
s ig n ifican t c o r re la tio n  b e tw ee n  IL-6 an d  f ib r in o g e n  s u g g e s ts  
tha t IL-6 m ig h t b e  p a r t ly  re sp o n s ib le  fo r  th e  in c re a se d
fib rinogen  level in  p e r ip h e ra l  a r te r ia l  d ise a se . T h e re  was 
also a t r e n d  to w a rd s  a s ig n if ic a n t c o rre la tio n  b e tw een  IL-6 
and plasm a v is c o s ity .
It is p o ss ib le  th a t  IL -6  m ay b e  p a r t ly  re sp o n s ib le  fo r  th e  
raised  w h ite  cell c o u n t in  p e r ip h e ra l  a r te r ia l  d is e a se , s in ce  
there w as a  t r e n d  to w a rd s  a  s ig n if ic a n t co rre la tio n  be tw een
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IL-6 an d  w hite  cell c o u n t. T he  t r e n d  g iv es  some s u p p o r t  
to a th e ro sc le ro s is  b e in g  a  c h ro n ic  in flam m atory  p ro c e s s .
It is a lso  in t e r e s t in g  th a t  th e re  is  a t r e n d  to  a s ig n if ic a n t 
co rre la tio n  b e tw ee n  IL-6 a n d  tr ig ly c e r id e .  T r ig ly c e r id e  was 
in c re a se d  s ig n if ic a n tly  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d isease  in  C h a p te r  3 a n d  is re c o g n ise d  as  a  r is k  fa c to r  fo r  
p e r ip h e ra l a r te r ia l  d ise a se  (F o w k es, 1988).
The re a s o n  fo r  a  s ig n if ic a n t c o rre la tio n  b e tw een  IL-6 an d  
mean cell volum e is  n o t c le a r .
The f in d in g  th a t  IL -6  d id  n o t c o rre la te  s ig n if ic a n tly  w ith  
c ro s s - lin k e d  F D P 's  o r  r e d  cell a g g re g a tio n  s u g g e s ts  th a t  
IL-6 is u n lik e ly  to  b e  th e  m ajor cau se  of th e i r  ra is e d  leve ls  
in p e r ip h e ra l  a r te r ia l  d is e a s e . A lth o u g h  Ish ib a sh i e t a l. 
(1989b) show ed  th a t  IL-6 in c re a s e d  p la te le t n u m b ers  in  
mice, th e r e  w as no s ig n if ic a n t c o rre la tio n  be tw een  p la te le t 
count a n d  IL -6 in  th is  s tu d y .
Conclusions
IL-6 w as m o d e ra te ly  r a is e d  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l d ise a se  a n d  c o r re la te d  w ith  C -re a c tiv e  p ro te in ,  an d  
in v e rse ly  w ith  m ean cell volum e.
IL-6 c o r re la te d  p o o r ly  w ith  f ib r in o g e n  an d  w hite  cell co u n t 
as well as  w ith  p lasm a v is c o s ity  a n d  tr ig ly c e r id e  le v e ls , b u t
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th e re  w ere  t r e n d s  to w ard  s ig n if ic a n t c o rre la tio n s . I t m ust 
be co n c lu d ed  th a t  th is  m erits  f u r th e r  in v e s tig a tio n  w ith  
la rg e r  n u m b e rs .
The lack  of c o rre la tio n  w ith  th e  o th e r  blood v a r ia b le s  
m easured  in  th is  s tu d y  s u g g e s ts  th a t  IL-6 is no t 
re sp o n s ib le  fo r  th e i r  r a is e d  lev e ls  in  p e r ip h e ra l  a r te r ia l  
d isease . C ig a re tte  sm oking  does n o t a p p e a r  to  be  a d ire c t 
stim ulus fo r  IL -6  p ro d u c tio n .
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CHAPTER 5 
Thrombosis and Artificial Surfaces
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INTRODUCTION
Joseph  L is te r  r e c o rd e d  th a t  v en o u s  blood c lo tte d  more 
rap id ly  in  a  cu p  th a n  in  an  In d ia  r u b b e r  t u b e . He 
concluded  th a t  b lood  co ag u la te d  w hen it  came in to  c o n tac t 
with a  fo re ig n  s u r fa c e  a n d  in  th is  r e g a rd  th e  cu p  w as more 
fo re ig n  th a n  th e  In d ia  r u b b e r  (L is te r ,  1863).
N ow adays, m any p a t ie n ts  w ith  sym ptom atic p e r ip h e ra l  
a r te r ia l d is e a s e  can  bo su c c e s s fu lly  t r e a te d  b y  
re c o n s tru c tiv e  v a s c u la r  s u r g e r y .  T h is  in v o lv es  in s e r t io n  of 
a p ro s th e t ic  a r te r ia l  g r a f t .  T h is  m ateria l is  a fo re ig n  
su rface  w h ich  com es in to  d ire c t  c o n ta c t w ith  th e  b lood flow .
When b lood  com es in to  c o n ta c t w ith  a fo re ig n  s u r fa c e  th e re  
is p ro te in  a d s o rp t io n ,  p la te le t  ad h es io n  an d  ac tiv a tio n  of th e  
in tr in s ic  sy s te m  of co ag u la tio n . F ib rin o g e n  is  p re fe re n t ia l ly  
ad so rb ed  on to  th e  a r tif ic ia l  s u r fa c e  (V rom an e t a l . ,  1972; 
Vroman e t a l . , 1980) a n d  th is  en h a n c e s  p la te le t accum ula tion  
on th e  s u r f a c e . F ib r in o g e n  is  a  p re d ic to r  of s u b se q u e n t 
g ra ft o cc lu sio n  (H am er e t  a l . ,  1973; H a rris  e t  a l . , 1978; 
Wiseman e t a l . , 1989).
P a tien ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se  h av e  a  s ig n if ic a n t 
risk  of a r te r ia l  th ro m b o s is . T h rom bus fo rm ation  is  o ften  
found on th e  a th e ro s c le ro tic  p la q u e  an d  it  is  p o ssib le  th a t  
a th e ro sc le ro s is  of th e  v e s s e l wall m ight a c t as a fo re ig n
169
su rface  a n d  in it ia te  th e  in t r in s ic  sy s tem . T he in t r in s ic  
system  of b lood  co ag u la tio n  is  in i tia te d  b y  a c tiv a tio n  of 
fac to r XII on e x p o s u re  of b lood  to  a fo re ig n  s u r fa c e .
A ctivation  of f a c to r  XII le ad s  to  ac tiv a tio n  of th e  in t r in s ic  
system  w h ich  r e s u l t s  in  th e  co n v e rs io n  of f ib r in o g e n  to  
f ib r in .
In tliis  c h a p te r  th e  ro le  of a c tiv a te d  fa c to r  XII is  exam ined 
in its  re la tio n  to  f ib r in o g e n , p e r ip h e ra l  a r te r ia l  d ise a se  an d  
in se rtio n  o f p ro s th e t ic  a r te r ia l  g r a f t s .
Factor XII and the Intrinsic Pathway
Factor X II w as f i r s t  d e te c te d  b y  i ts  a p p a re n t  a b se n c e  in  a 
railw ay b ra k e m a n  ca lled  Jo h n  Hagem an (R a tn o ff  & C olopy, 
1955). F a c to r  XII is  p r e s e n t  as  an  in a c tiv e  p r e c u r s o r  in  
human p lasm a. I t  is  s y n th e s is e d  in  th e  liv e r .
The in t r in s ic  sy s te m  of b lood  coagu la tion  is  a c tiv a te d  w ith  
blood: b io m ate ria l c o n ta c t;  th is  is  te rm ed  co n tac t p h a se
ac tiv a tio n , a n d  is in i t ia te d  b y  th e  c o n v e rs io n  of fa c to r  XII 
to fa c to r  X lla ,  in  th e  p re s e n c e  of p re k a llik re in  a n d  h ig h  
m olecular w e ig h t k in in o g e n  (F ig u re  5 .1 ) .
A dsorbed  h ig h  m olecu lar w e ig h t k in in o g en  form s a com plex 
with p r e k a l l ik r e in . T h is  com plex c leaves fa c to r  XII to  
facto r X lla . f a c to r  X lla  c a ta ly se s  th e  co n v e rs io n  of th e  














Feedback mechanism of the intrinsic system of coagulation in response to an 
artificial surface.
k in inogen  in to  k a l l ik re in .  S ince k a llik re in  a c tiv a te s  fa c to r  
XII, a p o s itiv e  fe e d b a c k  m echanism  is s e t  u p  w hich  e n s u re s  
the a u to a c tiv a tio n  o f f a c to r  X II on o r  close to  th e  a r tif ic ia l 
su rfa c e . H igh  m olecu lar w e ig h t k in in o g en  can  also  form  a 
complex w ith  f a c to r  X I, m ak ing  fa c to r  XI av a ilab le  fo r
fac to r X lla . T h is  r e s u l t s  in  p ro g re s s io n  of th e  in t r in s ic  
system  c a sc a d e .
M easurem ents
V inazzer d e v e lo p ed  a m easu rem en t of a c tiv a te d  fa c to r  XII 
p erfo rm ed  in d i r e c t ly  (V in a z z e r , 1979) u s in g  a chrom ogenic 
s u b s t r a te  fo r  p lasm a k a llik re in . Gallimore e t  a l. (1987)
developed  a  d ir e c t  a s s a y  u s in g  a  so lub le  fa c to r  XII 
a c tiv a to r . T h is  w as m odified in to  a  m ic ro titre  a s s a y  b y  
Walshe e t  a l . (1 9 8 7 ). I rv in e  (1989) f u r th e r  m odified th e  
assay  u s in g  a  k a l lik re in  in h ib ito r  a n d  m easu red  a c tiv a te d
fac to r XII in  th e  a b se n c e  of fa c to r  XII a c tiv a to r .  I rv in e 's  
modified a s s a y  h a s  b e e n  u s e d  in  th is  s tu d y  s in ce  i t  is  more 
su itab le  fo r  th e  a s s e s sm e n t of b io m ateria ls  an d  th e i r  e ffe c t 
on c o n ta c t p h a s e  a c tiv a tio n  ( I rv in e ,  1989).
Blood A lteration on Contact with a Foreign Surface
As well a s  a c tiv a tio n  of th e  in t r in s ic  sy stem  of co ag u la tio n , 
blood c o n ta c t w ith  a  fo re ig n  s u rfa c e  in itia te s  m any
re a c tio n s , in c lu d in g  f ib r in o g e n  a n d  o th e r  p lasm a p ro te in s ,  
p la te le ts , th e  com plem ent sy stem  an d  blood ce lls .
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Fibrinogen and other Plasma Proteins
P ro te in s  a d s o rb  ra p id ly  an d  se le c tiv e ly  to  a r tif ic ia l 
s u r fa c e s . T h e y  form  a la y e r  te rm ed  th e  "c o n d itio n in g
layer"  a b o u t 100 nm th ic k . T he e x te n t  of a d so rp tio n  is 
d e p e n d e n t on th e  n a tu re  of th e  su rfa c e  (V rom an, 1983). 
This la y e r  sh o u ld  n o t b e  r e g a rd e d  as p a s s iv e  (B ru c k , 1980) 
since t r a n s ie n t  a d s o rp tio n , d e n a tu ra tio n  o r ch an g e s  in  
conform ation  m ay o c c u r  ( Ih le n fe ld  & C o p p e r, 1979; Lee & 
H a irs to n , 1971; F o rb e s  & C o u r tn e y , 1987).
Many d if f e re n t  p lasm a p ro te in s  h av e  b een  show n to  a d s o rb  
onto a r ti f ic ia l  s u r f a c e s .  T h ese  in c lu d e  f ib r in o g e n  (V rom an 
& A dam s, 1969), a lbum in  a n d  g lo b u lin s  (Packham  e t  a l . ,
1969; M ason, 1972), w ith  re la tiv e ly  h ig h  am ounts of 
fib rin o g en  a n d  a lbum in  b e in g  a d so rb e d  (v a n  Damme &
F e ije n ,1 9 8 9 ).
F ib rinogen  is  p r e f e r e n t ia l ly  a d s o rb e d  com pared  to  o th e r  
plasm a p ro te in s  on to  a r tif ic ia l  su r fa c e s  (V rom an e t a l . ,
1972; F o rb e s  & C o u r tn e y , 1987). F ib rin o g e n  s tro n g ly  
a t tr a c ts  p la t e l e t s : d e f ib r in a te d  o r  a fib rinogenaem ic  plasm a
does n o t s u p p o r t  p la te le t  accum ula tion  u n le ss  f ib r in o g e n  is 
added (Z u c k e r  & V rom an , 1969; Mason e t a l . , 1971).
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A dsorbed f ib r in o g e n  is re p la c e d  b y  h ig h  m olecular w eig h t 
k in inogen  (V rom an e t  a l . , 1980). I t may also  in te ra c t  w ith  
leu co cy tes  (S z y c h e r ,  1983). H ence f ib r in o g e n  h as  an  
im p o rtan t ro le  in  th ro m b o sis  on a r tif ic ia l s u r fa c e s .
Platelets
C irc u la tin g  p la te le ts  a d h e re  to th e  f ib r in o g e n  c o v e re d  
su rfa c e  a n d  c h a n g e  from  d isco id  to  sp in y  s p h e re s .  T h ese  
form p la te le t  a g g re g a te s  w ith  re d  an d  w hite  blood c e lls , 
e n tra p p e d  b y  f ib r in  (Salzm an e t a l . , 1979). T h is  may
p ro g re s s  to  a  m u ra l th ro m b u s  (M uller-M ohnssen  & K ra tn e r ,
1979).
P la te le t a d h e s io n  is  d e p e n d e n t on th e  n a tu re  of th e  
"co n d itio n in g  l a y e r " : s u r fa c e s  coa ted  w ith  f ib r in o g e n
prom ote p la te le t  a d h e s io n  (W hicher & B ra s h , 1978).
Following p la te le t  a d h e s io n , p la te le ts  u n d e rg o  a re le a se  
reac tio n  d is c h a rg in g  th e  c o n te n ts  of th e ir  g ra n u le s  in to  th e  
c irc u la tio n . T h e se  c o n te n ts  in c lu d e  ADP, se ro to n in  an d  
o th e r com pounds p o te n tia t in g  p la te le t a g g re g a tio n . 
S im u ltaneously , r e le a s e  of m em brane a rac h ad o n ic  acid  lead s  
to th e  p ro d u c tio n  of th ro m b o x an e  A2 (H olm sen e t a l . ,  1969; 
S zy ch e r, 1983). T h ro m b o x an e  A2 f u r th e r  in c re a se s  p la te le t 
ad h esio n . As m ore p la te le ts  a d h e re ,  m ounds of re d  an d  
white cells  a re  e n t r a p p e d  in  f ib r in  (Salzm an e t a l . , 1979).
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L eu cocytes, Complement A ctivation  and E rythrocytes
L eucocy tes a d h e re  to  a r tif ic ia l  s u r fa c e s  (K ussero w  e t a l. , 
1971). T h e y  a p p e a r  to  fu n c tio n  in  a  sim ilar m anner to  
p la te le ts . T h e ir  a d h e s io n  d e p e n d s  on p r io r  a d so rp tio n  of 
the p ro te in  m ono layer (S z y c h e r ,  1983). T he a d h e re n t  w h ite  
cells a re  p o ly m o rp h o n u c le a r  le u c o c y te s , an d  m onocy tes.
Complement a c tiv a tio n  b y  a r tif ic ia l su r fa c e s  is  th o u g h t to  
occur v ia  th e  a l te rn a t iv e  p a th w a y  (F o rb es  & C o u rtn e y , 
1987). L eu co cy te  a n d  p la te le t  ad h es io n  may b e  m ediated  b y  
ac tiv a tio n  of com plem ent com ponents (H e rz lin g e r  & Cum m ing,
1980).
E ry th ro c y te s  a re  a lso  a t t r a c te d  to  th e  fo re ig n  s u rfa c e  in  
p a r tic u la r  to  re g io n s  w h ere  f ib r in  h as  form ed (F e ijen , 
1977). U n d e r  low s h e a r  con d itio n s  re d  cells becom e 
e n tra p p e d  b y  f ib r in  a n d  form  re d  th ro m b u s (B ru c k , 1980).
Summary
F ib rinogen  h a s  th e re fo re  an  im p o rtan t ro le  in  th ro m b o sis  on 
an a r tif ic ia l s u r f a c e .  A th e ro sc le ro s is  dam ages th e  v e s se l 
wall. I t  is  p o ss ib le  th a t  th is  v e sse l wall dam age may 
p re se n t to  th e  b lood  flow as  an  a r tif ic ia l s u r fa c e . T h is  
would p rom ote  th ro m b o sis  th ro u g h  th e  in tr in s ic  p a th w ay  of 
co ag u la tio n .
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Aims
1 To d e te rm in e  if  a th e ro s c le ro s is  on th e  a r te r ia l  wall can  
a c t a s  a  fo re ig n  s u r fa c e  in i t ia tin g  th e  in t r in s ic  p a th w a y  
of co ag u la tio n  a n d  th ro m b o sis .
2 To d e te rm in e  if  a c t iv a te d  fa c to r  XII is  a s so c ia te d  w ith  
th e  in c re a s e d  le v e ls  of f ib r in o g e n , c ro s s - lin k e d  F D P 's ,  
r e d  cell a g g re g a tio n ,  p lasm a v is c o s ity , w hite  cell co u n t 
a n d  tr ig ly c e r id e  fo u n d  in  p e r ip h e ra l  a r te r ia l  d ise a se .
3 To d e te rm in e  if  s e x ,  age  o r  sm oking  h a b it a l te r  
a c tiv a tio n  of f a c to r  X II.
4 To d e te rm in e  if  f a c to r  X lla  is  in c re a se d  b y  im p lan tin g  
a p ro s th e t ic  a r te r ia l  g r a f t ,  a n d  fo r  how long  does a n y  
in c re a s e  la s t .
5 To d e te rm in e  th e  e f fe c ts  on in s e r t in g  a  p ro s th e t ic  
a r te r ia l  g r a f t  on f ib r in o g e n , c ro s s - lin k e d  FDP s ,  r e d  
cell a g g re g a tio n  , w h ite  cell c o u n t, p la te le ts ,  p lasm a 
v is c o s ity  a n d  h a e m a to c rit.
METHODS
Sampling
F resh  v e n o u s  b lood  w as sam pled  a n d  im m ediately t r a n s f e r r e d
to a p la s t ic  tu b e  c o n ta in in g  3 .2  % c itra te  (1 :9
a n tic o a g u la n t: b lo o d ) .  I t  w as th e n  c e n tr ifu g e d  a t  2,500 g  a t
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la b o ra to ry  te m p e ra tu re  (2 0 -2 5 °C) fo r  10 m in u tes . T he same 
ty p e  of 20 ml p la s t ic  s y r in g e  a n d  19 g au g e  n eed le  w ere  
used  fo r  all b lood  sam p lin g  to  p r e v e n t  c o n ta c tin g  d if fe re n t  
fo re ig n  s u r f a c e s .
Assay
The a s sa y  ( I r v in e ,  1989) u ti l is e s  a chrom ogenic sab s* v a te  
(2 AC OH - H - D - CUT - Gly - A rg  - pN A , C hannel D iag , 
Walmer, K en t) a n d  a s ta n d a rd  c u rv e  allow ing d ire c t 
co rre la tio n  b e tw e e n  a b so rb a n c e  v a lu es  an d  fa c to r  XII 
a c t iv i ty ) .
P la te le t p o o r p lasm a sam ples w ere  p r e t r e a te d  w ith  ace to n e  
(3 :1 ) ,  p r io r  to  d ilu tio n  to  p r e v e n t  in h ib ito rs  of fa c to r  X lla  
from in te r f e r in g  w ith  th e  a s s a y . A cetone t r e a te d  sam ples 
were s to re d  fo r  a minimum of 30 m inu tes a t 4°C , a f te r  
which th e y  w ere  d ilu te d  1 :3  in  B u ffe r  A (0 .05  M T ris  - 
HCL, pH 7 .9 ,  0 .12  mmol/1 m ethy lam ine. an d  9 .7  mmol/1 Di 
Na E D T A ).
A s ta n d a rd  c u rv e  u s in g  ace to n e  - t r e a te d  s ta n d a rd  plasm a 
(Walshe e t a l . ,  1987) w as p r e p a re d .
K allikrein  in h ib i to r  (C h a n n e l D iag n o sitics) d ilu te d  1:50  w ith  
T ris - HC1 - B u ffe r  (pH  7 .9 ) ,  an d  th e  s u b s t r a te  (1 .5  
mmol/1 w ere  p re w a rm e d  a t  37°C . T he p r e t r e a te d  sam ples
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wore a s s a y e d  on a  m ic ro titre  p la te  a c c o rd in g  to  th e  
follow ing p ro to c o l:
1. 25 m ic ro litre s  of sam ple an d  25 m ic ro litre s  of B u ffe r  A
w ere  in c u b a te d  fo r  10 m in u tes .
2 75 m ic ro litre s  of B u ffe r  c o n ta in in g  k a llik re in  in h ib ito r  
( 37°C) w ere  a d d e d  a n d  in c u b a te d  fo r  one m inu te .
3 50 m ic ro litre s  of ch rom ogen ic  s u b s t r a te  (37°C ) w ere  
a d d e d  a n d  in c u b a te d  fo r  10 m in u tes .
4 T he re a c tio n  w as s to p p e d  w ith  50 m ic ro litre s  of 30% 
ace tic  a c id .
The a b s o rb a n c e  v a lu e s  w ere  re a d  a t  405 nm , u s in g  a 
m icro titre  p la te  r e a d e r  (D y n a te c h  L td ) a g a in s t a B u ffe r  
b lank . A c tiv ity  lev e ls  (u n its  p e r  ml) w ere  ca lcu la ted  from  
the s ta n d a rd  c u rv e .
Subjects
Levels of a c t iv a te d  f a c to r  XII w ere  m easu red  in  40 p a t ie n ts  
with p e r ip h e ra l  a r te r ia l  d ise a se . 30 p a t ie n ts  h ad
in te rm itte n t c la u d ic a tio n  a n d  10 p a t ie n ts  h ad  abdom inal 
aortic  a n e u ry s m . T h e se  p a t ie n ts  a lso  h ad  m easurem en ts  of 
f ib rin o g en , c ro s s - l in k e d  FDP s ,  r e d  cell a g g re g a tio n , 
plasma v is c o s i ty ,  h aem a to c rit, lip id s  an d
carb o x y h aem o g lo b in . T h e  40 p a t ie n ts  w ere com pared  to  10
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co n t ro l s  who had  measurement of a c t i v a t e d  f a c t o r  XI 1.
G elatin sea le d  k n i t te d  D acron  (V ascu tek  L td , UK) a o rtic  
g ra f ts  w ere  im p lan ted  in to  11 ad d itio n a l p a t ie n ts  u n d e rg o in g  
re c o n s tru c tiv e  v a s c u la r  s u r g e r y .  S even  p a t ie n ts  h ad  
in te rm itte n t c lau d ica tio n  a n d  fo u r  p a t ie n ts  h ad  abdom inal 
ao rtic  a n e u ry s m s . S e ria l m easu rem en ts  of a c tiv a te d  fa c to r  
XII w ere p e rfo rm e d  in  th e se  11 p a t ie n ts  a t in d u c tio n  of 
a n a e s th e s ia  (b a s e lin e  m e a su re m e n t), d u r in g  o p e ra tio n  a t  
c ro ss -c la m p in g  of th e  a o r ta  b e fo re  th e  im p lan ta tion  of th e  
ao rtic  g r a f t ,  a n d  one h o u r  a f te r  b lood flow was e s ta b lish e d  
th ro u g h  th e  g r a f t .  M easurem ent w as also  p e rfo rm e d  a t  one 
day a n d  one w eek p o s t - s u r g e r y .  M easurem ent of 
f ib r in o g e n , c ro s s - l in k e d  FDP s ,  r e d  cell a g g re g a tio n , 
plasm a v is c o s ity ,  h a e m a to c rit, fu ll blood co u n t a n d  p la te le t 
count w as a lso  p e rfo rm e d .
All s u r g e r y  w as c a r r ie d  o u t w ith  a p re o p e ra tiv e  
p ro p h y la c tic  a n tib io tic  (1 g  of in tra v e n o u s  C efo tax im e), an d  
5,000 i . u .  of sy s tem ic  h e p a r in  was g iv en  two m inutes p r io r  
to a o r tic  c lam p in g . In tra v e n o u s  volum e load in g  was c a r r ie d  
out b y  th e  a n a e s th e t i s t  b e fo re  declam ping .
RESULTS
The lev e l o f a c t iv a te d  f a c to r  XII in  th e  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d is e a se  w as n o t s ig n if ic a n tly  d if fe re n t 
from th e  c o n tro ls  (s e e  T ab le  5 .1 , F ig u re  5 .2 ) .  T h is  was 
the case  fo r  p a t ie n ts  w ith  in te rm itte n t c lau d ica tio n  and
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Table 5.1
Com parison o f levels o f activated Factor XII in controls and patients
T est Controls Patients p value
Activated Factor




C om parison o f levels o f activated Factor XII in patients with interm ittent 




i i i i i i H i i i
l l i l ®
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XII (units) Median 0.3 0.3 N.S.
IQR 0.1 0.1
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F igu re 5 .2
A comparison of levels of activated Factor XII in controls and patients with 
peripheral arterial disease.
a b d o m i n a l  a o r tic  a n e u ry sm . T h e re  was no d iffe re n c e  in  th e  
level of a c tiv a te d  fa c to r  XII be tw een  th e  30 p a t ie n ts  w ith  
in te rm itte n t c la u d ica tio n  a n d  th e  10 p a t ie n ts  w ith  abdom inal 
ao rtic  a n e u ry sm  (T ab le  5 .2 ) .
A ctiv a ted  fa c to r  XII w as no t s ig n if ic a n tly  a sso c ia te d  w ith  
levels of f ib r in o g e n , c ro s s - lin k e d  F D P 's ,  r e d  cell
a g g re g a tio n , p lasm a v is c o s ity ,  w h ite  cell co u n t o r  p la te le t 
count in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a se . I t was 
not s ig n if ic a n tly  a s so c ia te d  w ith  a g e , s e x , 
ca rboxyhaem og lob in  o r  th e  an k le  b ra c h ia l p r e s s u r e  in d e x  
(T able 5 .3 ) .
T here  w ere  15 c u r r e n t  sm okers an d  se v e n  ex -sm o k e rs  
confirm ed b y  ca rb o x y h aem o g lo b in  le v e ls . A c tiv a ted  fa c to r  
XII w as s ig n if ic a n tly  h ig h e r  in  th e  e x -sm o k e rs  com pared  to  
the c u r r e n t  sm o k ers  (p < 0 .0 5 ) , (T ab le  5 .4 ) .
R econstructive Vascular Surgery
The le v e ls  of a c tiv a te d  fa c to r  XII w ere  s ig n if ic a n tly  
in c re a sed  fo llow ing  s u r g e r y  to  ex p o se  a n d  p re p a re  th e  a o r ta  
for a r te r ia l  g r a f t in g  (p < 0 .0 1 ) . T h is  in c re a se  was also  
found fo llow ing  sy s tem ic  h e p a r in is a tio n  (T ab le  5 .5  & F ig u re  
5-3) .  T h e re  w as a n  a d d itio n a l s ig n if ic a n t in c re a s e  a f te r  one 
hour of b lo o d : b io m ate ria l su r fa c e  co n tac t (p < 0 .0 1 ).
The le v e ls  of a c t iv a te d  fa c to r  XII r e tu r n e d  to  th e  b ase lin e  
values w hen  m e a su re d  a t  one d a y  an d  one w eek a f te r  
s u rg e ry .
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Table 5.3
Activated Factor XII correlations (Spearman's rank) in patients with 
peripheral arterial disease.
V ariable r value p value
Fibrinogen 0.23 N.S.
XL - FDPs -0.16 N.S.
Red cell aggregation -0.01 N.S.
Plasm a viscosity 0.26 N.S.
W hite cell count -0.11 N.S.
H aem atocrit -0.05 N.S.
H aem oglobin -0.19 N.S.
Red blood count -0.24 N.S.
M ean cell volum e 0.15 N.S.




Body m ass index 0.40 p<0.05
Table 5.4
C om parison o f activated Factor XII levels in ex-sm okers and  
current sm okers in patients with peripheral arterial disease
i l l l K f l l f e Current sm okers p value
Activated Factor XII




M easurem ents in 11 patients during and following reconstructive
vascular surgery
Test Baseline Pre-graft After blood-biom aterial contactI hour 1 week
Activated Factor XII (units)
Median 0.34 0.4 0.46 0.35 0.34
IQR 0.06 0.13 0.14 0.11 0.10
p value - p<0.01 p<0.01 N.S. N.S.
Fibrinogen (g/L)
Mean 2.70 2.36 2.17 3.70 5.53
S.D. 0.80 0.37 0.72 0.06 1.43
p value - N.S. N.S. p<0.05 p<0.001
Cross linked FDPs (ng/ml)
Median 153 153 201 721 1069
IQR 270 309 174 447 726
p value - N.S. N.S. p<0.05 p<0.05
Red cell aggregation (units)
Median 3.7 1.4 5.0 6.3 7.2
IQR 2.2 2.3 1.5 2.9 2.5
p value - p<0.01 N.S. N.S. p<0.05
W hite cell count (xl09/L)
Mean 8.3 8.8 17.5 11.7 11.2
S.D. 2.4 2.5 5.8 1.8 2.2
p value - N.S. p<0.001 p<0.01 p<0.05
Platelet count (xl09/L)
Mean 253 229 244 187 310
S.D. 59 55 74 72 76
p value - N.S. N.S. p<0.05 N.S.
Plasma viscosity (mPa.s)
Mean 1.24 1.17 1.17 1.19 1.33
S.D. 0.10 0.07 0.05 0.11 0.13
p value - N.S. p<0.05 N.S. N.S.
Haem atocrit
Mean 0.40 0.38 0.36 0.34 0.34
S.D. 0.05 0.06 0.05 0.05 0.04














Serial measurements of levels of activated factor XII in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft).
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
one day and one week after blood flow was established through the graft.
Fibrinogen
F ib rin o g e n  lev e l w as s ig n if ic a n tly  in c re a se d  one d ay  
(p < 0 .05) a n d  one w eek (p< 0 .001) follow ing s u r g e r y .  T h e re  
was no ch a n g e  one h o u r  a f te r  b lood was flow ing th ro u g h  
the g r a f t  (s e e  T ab le  5 .5  & F ig u re  5 . 4 ) .
C ross-linked FDP~s
C ro ss- lin k e d  FDP s w ere sim ilar to  f ib r in o g e n . T he lev e l of 
c ro s s - lin k e d  FDP s w as s ig n if ic a n tly  in c re a s e d  one day  
(p<0.05) a n d  one w eek (p< 0 .05) follow ing s u r g e r y .  
C ro ss - lin k e d  FDP s w ere  no t in c re a se d  one h o u r  fo llow ing 
blood: b io m ate ria l c o n ta c t (se e  T ab le  5 .5  & F ig u re  5 . 5 ) .
Red Cell A ggregation
The lev e l of r e d  cell a g g re g a tio n  w as s ig n if ic a n tly  re d u c e d  
follow ing s u r g e r y  to  p r e p a r e  an d  ex p o se  th e  a o r ta  fo r  
g ra f tin g  a n d  fo llow ing  sy stem ic  h e p a r in is a tio n  (p < 0 .0 1 , see  
Table 5 .5  & F ig u re  5 . 6 ) .  T he  lev el of re d  cell a g g re g a tio n  
was s ig n if ic a n tly  in c re a s e d  one w eek follow ing s u r g e r y  
com pared to  th e  b a se lin e  m easu rem en ts  (p<0 . 05) .  In  two 
p a t ie n ts ,  r e d  cell a g g re g a tio n  d e c re a se d  follow ing s u r g e r y .  
T hese tw o p a t ie n ts  h a d  h ig h  b a se lin e  re d  cell a g g re g a tio n  
le v e ls .
White Cell Count
White ce ll co u n t w as s ig n if ic a n t ly  in c r e a se d , p e a k in g  one  
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contact
F igure 5 .4
Serial measurements of levels of fibrinogen in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft). 
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
one day and one week after blood flow was established through the graft.









Serial measurements of levels of cross linked - FPDs in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft).
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
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Serial measurements of red cell aggregation in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft). 
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
one day and one week after blood flow was established through the graft.
was a lso  in c re a s e d  a t  one d ay  (p< 0 .01) an d  one w eek 
(p < 0 .05) a f te r  s u r g e r y .  T h is  in c re a se  in  w hite  cell co u n t 
was a  n e u tro p h ilia  (s e e  T ab le  5 .5  & F ig u re  5 .7 ) .
Platelet Count
P la te le t c o u n t s ig n if ic a n tly  d e c re a se d  (p< 0 .05) a t  one d ay  
a f te r  s u r g e r y .  T h e re  w as a s u b se q u e n t in c re a se  in  p la te le t 
count (T a b le  5 .5  & F ig u re  5 .8 ) .
Plasma V iscosity
Plasma v is c o s ity  w as s ig n if ic a n tly  d e c re a se d  a t  one h o u r  
a f te r  s u r g e r y  (T a b le  5 .5  & F ig u re  5 .9 ) .
Haematocrit
H aem atocrit s ig n if ic a n tly  d e c re a se d  a f te r  s u r g e r y  a t one d ay  
and a t  one w eek (p < 0 .0 5 ) , (T ab le  5 .5  & F ig u re  5 .1 0 ) .
DISCUSSION
The f in d in g  th a t  le v e ls  of a c t iv a te d  fa c to r  XII w ere no t 
s ig n if ic a n tly  d if f e r e n t  b e tw een  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d is e a se  a n d  c o n tro ls  s u g g e s t  th a t  a th e ro sc le ro tic  
p laq u es do n o t a c t as  fo re ig n  s u rfa c e s  a c tiv a tin g  th e  
in tr in s ic  sy s te m  of co ag u la tio n . T h is  was th e  case  fo r  
p a tie n ts  w ith  in te rm it te n t  c lau d ica tio n  as well as  p a t ie n ts  
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contact
F igure 5 .7
Serial measurements of white blood count in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft). 
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
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F igu re  5 .8
Serial measurements of platelet count in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft). 
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 








Serial measurements of plasma viscosity in eleven patients undergoing 
reconstructive vascular surgery (inserting a prosthetic aortic graft). 
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
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Pre-op Pre-graft 1 hour 1 day 1 week
After blood-biomaterial 
contact
F igure 5 .10
Serial measurements of haematocrit in eleven patients undergoing reconstructive 
vascular surgery (inserting a prosthetic aortic graft).
Measurements were taken immediately pre-operatively, during operation at 
cross-clamping of the aorta before implantation of the graft and one hour, 
one day and one week after blood flow was established through the graft.
T hrom bus fo rm atio n  is  common on a th e ro sc le ro tic  p la q u e s  
and  a s  lam in ated  th ro m b u s  in  abdom inal a o r tic  a n e u ry sm . 
T hese  r e s u l t s  s u g g e s t  th a t  th is  does n o t r e s u l t  from  
ac tiv a tio n  of fa c to r  X II a n d  th e  in tr in s ic  p a th w a y .
A c tiv a ted  f a c to r  X II d id  n o t c o rre la te  s ig n if ic a n tly  w ith  
fib rin o g e n  o r  c ro s s - l in k e d  F D P 's .  T h is  s u g g e s ts  th a t  
ac tiv a tio n  of th e  in t r in s ic  sy stem  does no t a c c o u n t fo r  th e  
in c re a se d  le v e ls  of f ib r in o g e n  an d  c ro s s - lin k e d  F D P 's  fo u n d  
in p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a s e . R ed cell 
a g g re g a tio n , p lasm a v is c o s ity  an d  w hite  cell co u n t a lso  do 
not seem  to  b e  a s so c ia te d  w ith  an  in c re a s e d  in t r in s ic  
p a th w ay  o f co ag u la tio n  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d is e a s e .
While th e  le v e l of a c t iv a te d  fa c to r  XII w as s ig n if ic a n tly  
h ig h e r  in  e x -sm o k e rs  com pared  to  c u r r e n t  sm okers th e re  
w ere o n ly  s e v e n  e x -sm o k e rs  in  th is  s tu d y ,  h en ce  la rg e r  
s tu d ie s  a re  r e q u ir e d  to  confirm  th is  f in d in g . I t is  of 
in te re s t  th a t  e x -sm o k e rs  h a d  h ig h e r  p lasm a f ib r in o p e p tid e  A 
levels th a n  c u r r e n t  sm o k ers  in  a n o th e r  s tu d y  (Lowe e t a l . , 
1991), w h ich  likew ise  s u g g e s ts  ac tiv a tio n  of co ag u la tio n .
R econstructive Vascular Surgery
H eparin  a c t iv a te s  f a c to r  X II in  th e  a b se n c e  of a fo re ig n  
su rface  p o s s ib ly  b e c a u se  of i ts  an ion ic  n a tu re  ( I rv in e ,  1989; 
F u h re r  e t  a l . ,  1987). T h is  may ex p la in  th e  s ig n if ic a n t 
in c re ase  in  a c t iv a te d  fa c to r  XII b e fo re  g ra f t  in s e r tio n
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( fol lowing-  s u r g e r y  to  ex p o se  an d  p re p a re  th e  a o r ta  an d  
follow ing sy stem ic  h e p a r in is a t io n ) . A ctiva tion  of fa c to r  XII 
b y  h e p a r in  is im m ediate ( I rv in e ,  1989).
The g e la tin  sea le d  a o r tic  g r a f t  s ig n if ic a n tly  a c tiv a te d  fa c to r  
XII s tim u la tin g  th e  in t r in s ic  sy stem  of co ag u la tio n : 
a c tiv a te d  f a c to r  X II w as s ig n if ic a n tly  in c re a se d  a f te r  one 
h o u r of b io m ate ria l s u r fa c e  c o n ta c t. H ow ever th e  ac tiv a tio n  
of fa c to r  X II b y  th e  g r a f t  was s h o r t  lived  an d  was n o t 
p re s e n t  a t  one d a y  o r  one w eek a f te r  s u r g e r y .  T he 
ab sen ce  of a c tiv a tio n  of f a c to r  XII a t  one d a y  an d  one w eek 
may b e  d u e  to  c o a tin g  of th e  fo re ig n  g ra f t  s u r fa c e  b y  a 
co n d itio n in g  la y e r .
The in c re a s e  of f ib r in o g e n  level a t  one d a y  a n d  one w eek 
a f te r  s u r g e r y  m ay be  p a r t  of th e  norm al a c u te  p h a se  
re sp o n se  to  s u r g e r y .  While f ib r in o g e n  level is  a  p re d ic to r  
of s u b s e q u e n t  g r a f t  o cc lu sio n , (Wiseman e t a l . , 1989),
f ib rin o g en  w as n o t a s so c ia te d  w ith  ac tiv a tio n  of F a c to r  XII 
and  th e  in t r in s ic  sy s tem  of c o a g u la tio n .
The in c re a s e  in  c ro s s - l in k e d  FDP s a t  one d ay  an d  one 
week is  s im ila r to  th e  in c re a s e  in  f ib r in o g e n . T h is  may b e  
due to  d e g ra d a tio n  of f ib r in  form ed on th e  a o r tic  g r a f t .  
H ow ever i t  cou ld  a lso  r e p r e s e n t  d e g ra d a tio n  of f ib r in  form ed 
follow ing s u rg ic a l  d is s e c tio n , o r of p o s t-o p e ra t iv e  v en o u s 
th ro m b o s is .
183
The s ig n if ic a n t d e c re a se  in  r e d  cell a g g re g a tio n  b e fo re  g r a f t  
in se r tio n  is  p ro b a b ly  due  to  h e p a r in is a t io n . H ep arin  
d ec re ase s  r e d  cell a g g re g a tio n  (M yrenne A g g reg o m ete r 
m a n u a l) . F lu id  volum e lo a d in g  can n o t ex p la in  th is  d e c re a se  
since th e re  w as no s ig n if ic a n t ch an g e  in  haem ato c rit d u r in g  
th is in te r v a l .  T he  d e c re a se  w as r e v e r s e d  one h o u r  a f te r  
blood b io m ate ria l c o n ta c t , a n d  th e  in c re a se  in  re d  cell
a g g re g a tio n  a t  one w eek m ay be  re la te d  to th e  in c re a se  in  
f ib rin o g en  le v e l o r  o th e r  p lasm a p ro te in s  in v o lv ed  in  an  
acu te  p h a s e  r e s p o n s e .
The m ost s ig n if ic a n t  c h an g e  in  w hite  cell co u n t was th e  
in c re ase  one h o u r  a f te r  b lood b iom ateria l c o n ta c t. T h is  was 
one h o u r  a f te r  th e  v a s c u la r  clamp was rem oved from  th e  
ao rta  a n d  b lood  flow  w as r e s to r e d  to  th e  low er lim bs.
C ro ss-c lam p in g  o f th e  a o r ta  p ro d u c e s  a p e rio d  of se v e re  
lower limb isch aem ia . Low er limb ischaem ia is  know n to
ac tiv a te  w h ite  ce lls  (N ash  e t a l . ,  1988; P a te rso n  e t a l . ,  
1989) a n d  w h ite  ce ll c o u n t is s ig n if ic a n tly  in c re a se d  in
p a tien ts  w ith  ischaem ia  (se e  C h a p te r  3 ). H ence th is  
in c rease  in  w h ite  cell c o u n t is  p ro b a b ly  due to  th e  p e rio d  of 
lower limb isch aem ia  a n d  r e p e r fu s io n  d u r in g  g ra f t  in s e r t io n . 
A nother p o s s ib le  re a s o n  fo r  th e  leu co cy to sis  is  th e  
in tro d u c tio n  of a  fo re ig n  s u r fa c e  to  th e  blood s tream . 
N eu troph il p o ly m o rp h s  a re  know n to  a t t r a c t  to  fo re ig n  
su rfaces  (L ed e rm an  e t a l . , 1978).
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The w h ite  cell c o u n t is  v e ry  lab ile . G ran u lo cy te s  w hich  
make u p  th e  m a jo rity  of th e  c irc u la t in g  w hite  cells  a re  
d is t r ib u te d  in  th r e e  p o o ls: th e  m arrow , th e  c irc u la t in g  pool 
and  th e  t i s s u e  poo l. T ra ff ic  am ong th e se  pools may be 
a c u te ly  a l te r e d  b y  p h y sio lo g ica l in flu e n c e s  a n d  p a th o lo g ica l 
ch an g es  ( E r n s t  e t  a l . , 1987a). T he in c re a se  in  w h ite  cell 
coun t a t  one d a y  a n d  one w eek is  in  k e e p in g  w ith  an  
in flam m atory  r e s p o n s e  fo llow ing  s u r g e r y .  W hatever th e  
rea so n  fo r  th e  in c re a s e  in  w h ite  cell co u n t i t  m igh t te n d  to  
prom ote f u r t h e r  ischaem ia  b y  p r e s s u r e  d e p e n d e n t p lu g g in g  
of m ic ro v esse ls  r e d u c in g  th e  m ic ro v ascu la r b lood flow (E rn s t  
e t a l . , 1 9 8 7 a).
The s ig n if ic a n t d e c re a se  in  p la te le t  co u n t one d ay  a f te r  
s u r g e r y  cou ld  r e p r e s e n t  consum ption  of p la te le ts  co a tin g  th e  
g ra f t  s u r fa c e  a n d /o r  in v o lv ed  in  h aem ostasis  an d  w ound 
h ea lin g .
The d e c re a s e  in  h aem a to c rit a f te r  s u r g e r y  can  b e  acc o u n te d  
fo r b y  in t ra v e n o u s  f lu id  volum e lo ad in g  a n d  b lood lo ss  of 
o p e ra tio n . T h e re  w as a  sim ilar d e c re a se  in  re d  b lood co u n t 
and  haem o g lo b in . T h e  d e c re a se  in  p lasm a v isc o s ity  a t  one 
h o u r a f te r  g r a f t  in s e r t io n  w as p ro b a b ly  also  re la te d  to  
in tra v e n o u s  f lu id  volum e lo a d in g .
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Conclusions
L evels of a c t iv a te d  f a c to r  XII w ere  n o t in c re a s e d  in  
p e r ip h e ra l  a r te r ia l  d is e a s e ; a n d  p a t ie n ts  w ith  in te rm itte n t 
c lau d ica tio n  a n d  abdom inal a o r tic  an e u ry sm  d id  n o t d if fe r  in  
th e ir  le v e ls  of a c t iv a te d  fa c to r  X II. T h is  s u g g e s ts  th a t  
a th e ro sc le ro s is  does n o t a c t as  a  fo re ig n  su r fa c e  th a t  
a c tiv a te s  th e  in t r in s ic  sy s tem  of co ag u la tio n .
In tro d u c tio n  o f a p ro s th e t ic  g r a f t  d u r in g  re c o n s tru c tiv e  
v a sc u la r  s u r g e r y  a c t iv a te d  fa c to r  X II, b e c a u se  th e  g ra f t  
ac ts  as  a  fo re ig n  s u r fa c e .  T he a c tiv a tio n  of fa c to r  XII 
r e tu r n e d  to  b a se lin e  le v e ls  one d ay  an d  one w eek a f te r  
s u r g e r y .  T h is  w as accom panied  b y  an  in c re a se  in  
f ib r in o g e n , c ro s s - l in k e d  FDP s ,  r e d  cell a g g re g a tio n  an d
w hite cell c o u n t. H ow ever th e  lev e ls  of a c tiv a te d  fa c to r  XII 
d id  no t s ig n if ic a n tly  c o r re la te  w ith  f ib r in o g e n , FDP s ,  r e d  
cell a g g re g a t io n ,  w h ite  cell c o u n t, p la te le t  co u n t o r  a n y  
o th e r  m e a su re d  v a r ia b le s .
The norm al le v e ls  of a c t iv a te d  fa c to r  XII a t  one d a y  an d
one w eek s u g g e s ts  th a t  th e  g r a f t  is co a ted  w ith  a
c o n d itio n in g  la y e r  a n d  no lo n g e r  a c ts  as  a fo re ig n  s u r fa c e .
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CHAPTER 6
A ntiplatelets and anticoagulants in chronic peripheral 
arterial d isea se : th e  e f fe c t of m inidose w a rfa r in  an d
low -dose  a s p ir in  on th e  h y p e rc o a g u la b le  s ta te  an d  
abn o rm al h a e m o r h e o l o g y  in  p a t ie n ts  w ith  in te rm itte n t 
c la u d ic a tio n .
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Summary
In th e  p re v io u s  c h a p t e r s , th is  th e s is  h as  re p o r te d  th a t  
p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  h av e  a 
h y p e rc o a g u la b le  s ta te  ( in c re a s e d  plasm a levels  of f ib r in o g e n  
and  c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts )  a n d  abnorm al 
haem orheo logy  ( in c re a s e d  f ib r in o g e n , p lasm a v is c o s ity , r e d  
cell a g g re g a tio n  a n d  w hite  cell c o u n t ) .
P a tie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  h av e  an  in c re a s e d  
r is k  of c o ro n a ry , c e re b ra l  a n d  limb a r te r ia l  th ro m b o sis  
(R eu n an e n  e t  a l . , 1982). C u r re n tly  th e re  is  no m edical 
tre a tm e n t a v a ilab le  to  p ro d u c e  re g re s s io n  of a th e ro sc le ro s is .  
H ow ever, an  im p ro v ed  m anagem ent of p e r ip h e ra l  a r te r ia l  
d isease  m igh t b e  o b ta in e d  b y  p re v e n tio n  of th ro m b o sis  a n d  
it  is  th e re fo re  re a so n a b le  to  look a t  a n tic o a g u la n t an d  
a n tip la te le t  th e r a p y  to  t r y  to  p re v e n t  p ro g re s s  of p e r ip h e ra l  
a r te r ia l  d is e a s e .
The aim of th is  c h a p te r  is  to  d e te rm in e  if  low -dose a s p ir in  
o r m inidose w a r fa r in  s ig n if ic a n tly  a l te r  th e  h y p e rc o a g u la b le  
s ta te  a n d  ab n o rm a l b lood  rh e o lo g y  fo u n d  in  p a t ie n ts  w ith  
in te rm itte n t c la u d ic a tio n . T h is  is no t on ly  r e le v a n t to  th e  
m anagem ent of c la u d ic a tio n , b u t  a lso  te s t s  th e  h y p o th e se s  
th a t in c re a s e d  p la te le t  o r  c o ag u lan t a c t iv i ty  may be cau sa lly  
re la te d  to  th e  in c re a s e  in  f ib r in o g e n , c ro s s - lin k e d  f ib r in  
d e g ra d a tio n  p r o d u c ts  a n d  v is c o s ity  lev e ls  in  p e r ip h e ra l  
a r te r ia l  d is e a s e .
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I N T R O D U C T I O N
P a tie n ts  w ith  c h ro n ic  p e r ip h e ra l  a r te r ia l  d isea se  (u s u a lly
m an ifest a s  in te rm itte n t  c lau d ica tio n ) h av e  a g re a t ly  
in c re a se d  r i s k  of a r te r ia l  th ro m b o s is , n o t on ly  in  th e  lim bs, 
b u t a lso  in  th e  c e re b ra l  a n d  c o ro n a ry  a r te r ie s .  Ischaem ic 
h e a r t  d ise a se  a n d  s tro k e  a re  th e  m ajor cau ses  of d e a th  an d  
d isa b ility  in  s u c h  p e rs o n s  (R eu n an e n  e t a l . ,  1982).
Epidem iological s tu d ie s  h av e  re p o r te d  th a t  in d iv id u a ls  w ith  
in te rm itte n t c la u d ica tio n  h av e  a  two to  th r e e  fo ld  in c re a se  in  
c a rd io v a s c u la r  m o rta lity  com pared  to  age m atched  c o n tro ls
(R eu n an e n  e t  a l . , 1982; D orm andy e t a l . , 1989). 50% of all
d ea th s  a re  d u e  to  m yocard ia l in fa rc tio n , 15% o c c u r in  th e  
c e re b ra l re g io n , a n d  10% in  th e  abdom en (D orm andy  e t a l . ,
1989).
T hrom bosis is  a f e a tu r e  in  th e  p ro g re s s  of p e r ip h e ra l  
a r te r ia l  d is e a s e . C h a p te rs  3, 4, an d  5 of th is  th e s is  h av e  
shown th a t  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  h av e  a 
h y p e rc o a g u la b le  s ta te  ( in c re a s e d  f ib r in o g e n  a n d  c ro s s - lin k e d  
f ib r in  d e g ra d a tio n  p ro d u c ts )  a n d  abnorm al blood rh eo lo g y  
( in c re a se d  f ib r in o g e n ,  r e d  cell a g g re g a tio n , p lasm a v isc o s ity  
and  w h ite  cell c o u n t ) .
D orm andy e t  a l .  (1973b) hav e  show n th a t  an  in c re a se d  
f ib rin o g e n  lev e l p r e d ic ts  s u b s e q u e n t d e te r io ra tio n  of 
sym ptom atic p e r ip h e ra l  a r te r ia l  d is e a se , an d  Wiseman e t a l. 
(1989) h a v e  show n th a t  an  in c re a se d  f ib rin o g e n  level 
p re d ic ts  v a s c u la r  g r a f t  o cc lu sio n .
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It is th e re fo re  re a so n a b le  to  look a t  an tith ro m b o tic  th e ra p y  
to t r y  to  p r e v e n t  th ro m b o tic  p ro g re s s io n  of p e r ip h e ra l  
a r te r ia l  d is e a s e . Two sim ple m edical tre a tm e n ts  w hich  m igh t 
re d u c e  th e  th ro m b o tic  com ponent of a r te r ia l  d ise a se  a re  
m inidose w a rfa r in  th e ra p y  an d  low -dose a s p ir in .
Warfarin
K arl P au l L ink  iso la te d  dicoum arol in  1933 w hile 
in v e s t ig a t in g  th e  c a u se  of h aem o rrh ag ic  sw eet c lo v e r d isease  
of c a t t le .  W arfa rin , an  ana lo g u e  of d icoum aro l, was 
in tro d u c e d  in  1948 fo r  ro d e n t co n tro l an d  la te r  becam e 
recom m ended fo r  c lin ica l a n tico ag u la tio n  (L in k , 1948; 
Cam pbell & L in k , 1940).
W arfarin  in h ib its  s y n th e s is  of p ro th ro m b in  an d  fa c to rs  I I , 
VII a n d  X n e e d e d  in  p ro th ro m b in  co n v e rs io n  to  th ro m b in  
w hich is  a  p o te n t  p la te le t  a g g re g a tin g  a g e n t re sp o n s ib le  fo r  
the  c o n v e rs io n  of f ib r in o g e n  to  f ib r in .
W arfarin  h a s  b e e n  s tu d ie d  in  s e v e ra l p re v e n tio n  t r ia ls  a f te r  
m yocard ial in fa rc tio n . O ral an tico ag u la tio n  re d u c e s  
m o rta lity  a f te r  m yocard ia l in fa rc tio n  b y  a b o u t 20% 
( In te rn a tio n a l A n tic o a g u la n t Review  G ro u p , 1970; C halm ers 
et a l . ,  1977 ) .  A re c e n t  rev iew  of th e  e ffe c t of w a rfa r in  
on m o rta lity  a n d  re in fa rc tio n  a f te r  m yocard ia l in fa rc tio n  
show ed a re d u c t io n  in  m o rta lity  of 24% an d  a  re d u c tio n  of
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34% in  r e in fa rc t io n .  T h e re  was an  in c re a se d  r is k  of 
in tra c ra n ia l  h a e m o rrh a g e  d u r in g  o ra l a n tic o a g u la n t th e ra p y  
b u t th is  w as o u tw e ig h ed  b y  th e  s ig n if ic a n t re d u c tio n  in  
’’u n d if f e r e n t ia te d ” a n d  th rom bo-em bolic  c e re b ro v a sc u la r  
e v e n ts  (S m ith  e t  a l. , 1990b).
Poller e t  a l h a v e  show n th a t  m inidose w a rfa r in  ( lm g  p e r  
day) w as e f fe c tiv e  in  re d u c in g  th e  in c id en ce  of v en o u s  
th ro m b o sis  a f te r  m ajor s u r g e r y  (P o lle r e t  a l . , 1987). B ern  
e t a l. (1990) in  a ran d o m ised  t r ia l  hav e  show n th a t  lm g  of 
w a rfa rin  d a ily  p r e v e n ts  th ro m b o sis  in  c e n tra l  v en o u s  
c a th e te r s . H ence m inidose w a rfa r in  s ig n if ic a n tly  re d u c e s  
the  in c id e n c e  o f c lin ica l th ro m b o sis  w ith  minimal b le e d in g  
side e f fe c ts  a n d  does n o t r e q u ire  blood m on ito rin g .
Aspirin
A sp irin  in h ib its  p la te le t  a g g re g a tio n , b lo c k in g  th e  s y n th e s is  
of th ro m b o x an e  A2 in  p la te le ts  b y  in h ib itin g  th e  enzym e 
cy c lo o x y g en ase  (P a tro n o  e t a l . , 1985). A t h ig h  d oses it  
also in h ib its  p ro s ta c y c lin  p ro d u c tio n . P ro s ta c y c lin  is  
p ro d u c e d  b y  th e  en d o th e lia l cells an d  may p ro te c t  a g a in s t 
p la te le t d e p o s itio n  a n d  e n d o th e lia l dam age (B oobis & B ell, 
1982). A t low d o ses  (75 m g /d a y ) a s p ir in  m axim ally in h ib its  
th rom boxane  A2 p ro d u c tio n  b u t  h a s  a minimal in h ib itio n  on 
p ro s ta c y c lin  (H an ley  e t  a l . ,  1981).
It is u n lik e ly  th a t  a s p ir in  will r e v e r s e  a th e ro s c le ro s is . 
A sp irin  cou ld  h o w ev er p r e v e n t  p ro g re s s  of ch ro n ic  
p e r ip h e ra l a r te r ia l  d ise a se  b y  an  an tith ro m b o tic  e f fe c t .
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H ess e t a l . r e p o r te d  th a t  a s p ir in  an d  d ipyridam ole  d e lay ed  
th e  p ro g r e s s  of p e r ip h e ra l  a r te r ia l  d isea se  as  m easu red  b y  
se r ia l a r te r io g ra m s , a l th o u g h  th e  b e n e f i t  from  a s p ir in  alone 
d id  n o t r e a c h  s ta t is t ic a l  s ig n if ican ce  (H ess e t a l . , 1985). 
T h ey  u s e d  a s c o r in g  sy stem  b a se d  on th e  c h an g e  in  
s e v e r i ty  of s te n o s is  an d  on th e  le n g th  of th e  le s io n . 
H ow ever i t  is  d if f ic u lt  to  a s s e s s  th e  clin ica l s ig n ifican ce  of 
su ch  a s c o r in g  sy s te m . No d a ta  w ere  p ro v id e d  on th e  
r e s u l ts  of c lin ica lly  im p o rta n t outcom e su c h  as p ro g re s s io n  
of sym ptom s o r  th e  n eed  fo r  s u rg ic a l in te rv e n tio n  (C la g e tt 
e t a l . , 1989) .
A sp ir in  h a s  b e e n  show n to  be  of b e n e f it  in  s e c o n d a ry  
p re v e n tio n  s tu d ie s  of m yocard ia l in fa rc tio n  a n d  s t ro k e .  A 
m e ta -a n a ly s is  of 29,000 p a t ie n ts  w ith  c a rd io v a s c u la r  an d  
c e re b ro v a sc u la r  d ise a se  com pared  a n tip la te le t  th e ra p y  w ith  
p laceb o . A n tip la te le t tre a tm e n t s ig n if ic a n tly  re d u c e d  o v e ra ll 
v a sc u la r  m o rta li ty  b y  15% a n d  s ig n if ic a n tly  re d u c e d  n o n - 
fa ta l m yo card ia l in fa rc tio n  a n d  n o n -fa ta l s tro k e  b y  30%. 
When d if f e r e n t  a n t ip la te le t  a g e n ts  w ere exam ined , th e y  w ere  
u nab le  to  f in d  a  tre a tm e n t reg im en  b e t te r  th a n  a s p ir in  alone 
(A n tip la te le t T r ia l is t s ' C o llab o ra tio n , 1988). T h e re  is  no 
good e v id e n c e  th a t  a d d in g  d ipyridam ole  is lik e ly  to  c o n fe r  
an y  a d d itio n a l b e n e f i t  (F itz g e ra ld , 1987).
In th e  U n ited  K ingdom  T ra n s ie n t  Ischaem ic A tta ck  A sp ir in  
T ria l tw o d if f e re n t  d a ily  do ses  of a s p ir in  (325mg an d  
1200m g), w ere  com pared  to  p lacebo  in  2435 p a t ie n ts  w ith  
t r a n s ie n t  ischaem ic  a t ta c k  o r  m inor s t ro k e .  In  a s p ir in
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tr e a te d  p a t ie n ts  th e r e  was a  re d u c tio n  in  n o n -fa ta l  
m yocard ial in fa rc tio n  a n d  n o n -fa ta l  s tro k e  com pared  to  
c o n tro ls . T h e re  w as no s ig n if ic a n t th e ra p e u tic  d if fe re n c e  
be tw een  th e  tw o a s p ir in  d o s e s . H ow ever th e re  w as a 
d e fin ite  dose  re s p o n s e  fo r  u p p e r  g a s tro in te s t in a l  s id e  
e ffe c ts  a n d  g a s tro in te s t in a l  h a e m o rrh a g e . T he low er dose 
of a s p ir in  w as s ig n if ic a n tly  le ss  g a s tro to x ic  (U K -T IA  S tu d y  
G ro u p , 1988).
In  p r im a ry  p re v e n t io n ,  a s p ir in  s ig n if ic a n tly  re d u c e d  
n o n -fa ta l m y o card ia l in fa rc tio n  a n d  s ig n if ic a n tly  in c re a s e d  
h aem o rrh ag ic  s t r o k e  r a te  in  th e  P h y s ic ia n s ' H ealth  S tu d y  in  
A m erica. H ow ever to ta l c a rd io v a sc u la r  d e a th  w as no t 
s ig n if ic a n tly  d i f f e re n t  w ith  a s p ir in  from  p lacebo  (T h e  
S te e r in g  Com m ittee of th e  P h y s ic ia n s ' H ealth  S tu d y  R e se a rc h  
G roup , 1988).
In th e  U n ite d  K ingdom , P eto  e t a l. (1988) r e p o r te d  no 
s ig n if ic a n t p r im a ry  p re v e n tio n  b e n e f i t  fo r  a s p ir in  in  
ischaem ic h e a r t  d ise a se  a n d  s tro k e  in  5 ,000 d o c to rs .
T h u s o n ly  fo r  p a t ie n ts  w ith  v a s c u la r  d ise a se  is  th e re  c le a r  
ev id en ce  th a t  a n tip la te le t  tre a tm e n t re d u c e s  th e  o v e ra ll 
in c id en ce  of fa ta l  o r  d isa b lin g  v a s c u la r  d is e a se . T he 
su b je c ts  in  th e  p r im a ry  p re v e n tio n  s tu d ie s  w ere  no t p a t ie n ts  
a t h ig h  r i s k  of th ro m b o tic  e v e n ts .
A sp irin  h a s  im p o r ta n t s id e  e f fe c ts :  c a u s in g  g a s tr ic  to x ic ity
and  g a s t ro in te s t in a l  b le e d in g  (U K -T IA  S tu d y  G ro u p , 1988).
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A sp irin  w as a lso  a s so c ia te d  w ith  an  in c re a se d  in c id en ce  of 
h aem o rrh ag ic  s t r o k e  in  th e  P h y s ic ia n s ' H ealth  S tu d y  (T h e  
S te e r in g  Com m ittee of th e  P h y s ic ia n s ' H ealth  S tu d y  R e se a rc h  
G ro u p , 1988).
Low -dose a s p ir in  (75m g d a ily ) h a s  b e e n  show n in  
pharm aco log ica l s tu d ie s  to  in h ib it th rom b o x an e  g e n e ra tio n  b y  
p la te le ts  w hile p r e s e r v in g  th e  a b ility  of th e  a r te r ia l  wall to  
p ro d u ce  p ro s ta c y c lin  (P a tro n o  e t a l . ,  1985; H anley  t ! . , 
1981; P e d e rs e n  & F itz g e ra ld , 1984).
H ence a t  th is  lo w -d o se , a s p ir in  m ight be  a  m ore e ffe c tiv e  
an tith ro m b o tic  a g e n t th a n  a t  h ig h e r  d o ses  a n d  h av e  re d u c e d  
side e f f e c t s . A sp ir in  cou ld  b e  of b e n e f i t  in  p re v e n t in g  
p ro g re s s  of a r te r ia l  th ro m b o sis  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d is e a se  as  i t  h a s  b een  show n to  b e  of b e n e f i t  in  
re d u c in g  th e  th ro m b o tic  com ponent of c a rd io v a sc u la r  an d  
c e re b ro v a s c u la r  d is e a s e . L ow -dose a s p ir in  rem ains 
p harm aco lo g ica lly  a c tiv e  a n d  h as  few er s id e  e f fe c ts  th a n  
h ig h e r  d o se s .
G iven th e  d if f ic u lty  in  r e g r e s s in g  a th e ro sc le ro s is  b y  
m ed ication , im p ro v ed  m anagem ent could  b e  a ch iev ed  b y  
p re v e n t in g  th ro m b o s is . A t p r e s e n t  th e re  is  no p u b lish e d  
e x p e rie n c e  of m in idose w a rfa r in  o r low -dose a s p ir in  in  
p a tie n ts  w ith  c h ro n ic  p e r ip h e ra l  a r te r ia l  d ise a se . I t is  
im p o rtan t to  e v a lu a te  m edical tre a tm e n t th a t  m ight re d u c e  
h y p e rc o a g u la b il ity  a n d  h y p e rv is c o s ity  in  p a t ie n ts  w ith  
p e r ip h e ra l a r te r ia l  d is e a se  a s  well as th e ir  to le ran ce  an d
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f e a s ib i l i ty . S u ch  p ilo t s tu d ie s  a re  re q u ir e d  p r io r  to 
ev a lu a tio n  of th e i r  e ff ic a c y  in  re d u c in g  a r te r ia l  e v e n ts  in  
la rg e  ran d o m ised  t r i a l s .
Aims
1 To d e te rm in e  if  a th r e e  m onth  c o u rse  of e i th e r
w a r fa r in  ( lm g  d a ily ) o r  a s p ir in  (75mg d a ily ) o r  p lacebo  
re d u c e s  th e  h y p e rc o a g u la b le  s ta te  (p lasm a lev e ls  of 
^ ib r in o g e n , c ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts )  
a n d /o r  th e  haem orheo log ical d is tu rb a n c e  ( lev e ls  of 
b lood  v is c o s ity ,  p lasm a v is c o s ity , h a e m a to c rit, r e d  cell 
a g g re g a t io n ,  a n d  w h ite  cell co u n t)  in  p a t ie n ts  w ith  
in te rm it te n t  c la u d ic a tio n .
2 To d e te rm in e  if  th e s e  two tre a tm e n t reg im en s a re  well 
to le ra te d  a s  r e g a r d s  p o ss ib le  a d v e rs e  e f fe c ts  in c lu d in g  
b le e d in g  a n d  g a s tro in te s t in a l  u p s e t .
3 To d e te rm in e  s ig n if ic a n t c o rre la tio n s  b e tw een
f ib r in o g e n  an d  th e  o th e r  b lood v a r ia b le s  m e asu re d  in  
100 p a t ie n ts  w ith  in te rm itte n t  c lau d ica tio n .
4 To d e te rm in e  if  lev e ls  of th r e e  o th e r  h aem osta tic
fa c to r s  - p lasm in o g en  a c t iv a to r  in h ib ito r ,  von  
W illeb rand  f a c to r  a n d  fa c to r  VII - a re  e le v a te d  in  
p e r ip h e ra l  a r te r ia l  d is e a se , a n d  th e i r  re sp o n se  to  
w a rfa r in  o r  a s p ir in  tre a tm e n t.  B efo re  th e  m ethods a re  
d e s c r ib e d ,  th e s e  th r e e  fa c to rs  will be  b r ie f ly  re v ie w e d .
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Plasminogen Activator Inhibitor (PAI)
T hrom bosis  m ay b e  c a u se d  b y  s ta s is  of th e  b lo o d ,
h y p e rc o a g u la b il i ty  o r  d e f ic ie n t f ib r in o ly s is  (Winman e t  a l . ,
1985). PAI is  a  r a p id  in h ib ito r  of t is s u e  p lasm inogen  
a c t iv a to r  in  hum an p lasm a (V erh e ijen  e t  a l . , 1984; K ru ith o f , 
1988). R ece n t s tu d ie s  h av e  show n th a t  th e  f ib r in o ly tic  
sy stem  is im p a ired  in  p a t ie n ts  s u f fe r in g  m yocard ia l 
in fa rc tio n  d u e  to  h ig h  le v e ls  of PA I, an d  th a t  e le v a te d  PAI 
leve ls  p r e d ic t  r e c u r r e n t  m yocard ia l in fa rc tio n  (H am sten , 
1987) , H igh  le v e ls  of PAI a re  a lso  fo u n d  in  some p a t ie n ts  
w ith  v e n o u s  th ro m b o sis  (N ilsson  e t  a l . , 1985), h y p e r te n s io n  
(L an d in  e t  a l . , 1990) an d  p a t ie n ts  w ith  sy stem ic  lu p u s
e ry th e m a to s is  a n d  a  h is to r y  of th ro m b o sis  (V ioli e t  a l . ,
1990).
Since p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d isea se  a lso  h av e  an  
in c re a se d  te n d e n c y  to  th ro m b o s is , PAI was m easu red  in  th is  
s tu d y .  T h e re  is  a s  y e t  no p u b lish e d  r e p o r t  on PAI lev e ls  
in p e r ip h e ra l  a r te r ia l  d is e a se .
Von Willebrand Factor
Von W illeb rand  f a c to r  is  a m ultim eric g ly c o p ro te in  
s y n th e s is e d  a n d  s e c re te d  b y  e n d o th e lia l cells ( Ja ffe  e t  a l . , 
1973, 1974). P la te le t a d h es io n  to  th e  v e s se l wall a n d
s u b s e q u e n t p la te le t  a g g re g a tio n  a t  s ite s  of v a s c u la r  in ju ry
d ep en d  on  von  W illebrand  fa c to r  b in d in g  to  two p la te le t
re c e p to r s :  g ly c o p ro te in  I b . I x  a n d  g ly c o p ro te in  l i b .  I l ia
(R u g g e r i e t  a l . ,  1983). T he  g ly c o p ro te in  I lb . I I I a  is  a lso  
th e  p la te le t  r e c e p to r  fo r  f ib r in o g e n  (K loczew ick e t  a l . ,
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1984). Von W illeb rand  fa c to r  form s a  b r id g e  b e tw een  th e  
p la te le t s u r fa c e  a n d  a re a s  of dam aged v a s c u la r  endo thelium  
(S a d le r , 1987). Von W illebrand  fa c to r  b in d s  w ith  p la te le ts  
and  v e s s e l w all com ponen ts  in c lu d in g  co llagen  (P a re ti  e t a l . , 
1986, 1987) a n d  c ro s s lin k e d  a n d  n o n c ro ss lin k e d  f ib r in
(R ibes & F ra n c is ,  1990). F ib r in  s tim u la te s  ra p id  se c re tio n  
of von  W illeb rand  fa c to r  b y  en d o th e lia l cells (R ib es  e t  a l . , 
1987). I t  h a s  b e e n  s u g g e s te d  th a t  von  W illebrand fa c to r  
re le a se d  from  e n d o th e lia l cells  in  th e  p re s e n c e  of f ib r in  will 
b ind  f ib r in ,  fa c i l i ta t in g  p la te le t  a d h es io n  and  a g g re g a tio n  
(R ibes & F ra n c is ,  1990). Badim on e t  a l. (1988) show ed 
th a t th e  e f fe c t of v o n  W illebrand fa c to r  o c c u rs  p r im a rily  a t 
h ig h  s h e a r  c o n d itio n s  e .g .  in  th e  m icro c ircu la tio n  (d u r in g  
h aem o stas is )  o r  a t  a d v a n c e d  a r te r ia l  s te n o tic  le s io n s . T h is  
could in i t ia te  th ro m b u s  fo rm ation  (O ’B rie n , 1990).
T h e re  a re  tw o m echanism s fo r  p la te le t a g g re g a tio n . One is 
th e  cy c lo o x y g e n a se  d e p e n d a n t p a th w a y  w hich  is s e n s itiv e  to  
a s p ir in .  T h e  o th e r  is  a  s h e a r  in d u c e d  p la te le t a g g re g a tio n  
(O ’B r ie n , 1990). S e v e ra l s tu d ie s  h av e  show n th a t  h ig h  
sh e a r  a c t iv a te s  a dom ain on g ly c o p ro te in  I lb / I I I a  p la te le t 
re c e p to r  a n d  in  th e  p re s e n c e  of von W illebrand fa c to r  as  
lig a n d , p la te le ts  can  a g g re g a te  a n d  also  s tic k  to  co llagen  
and  p ile  u p  a n d  fo rm  th rom bi (B e r lin e r  e t a l . ,  1988; C oller 
e t a l . ,  1989; O 'B rie n , 1990).
M easurem ent of von  W illebrand fa c to r  a n tig e n  was p e rfo rm e d  
to d e te rm in e  if  v o n  W illebrand fa c to r  was e le v a te d  in  
p e r ip h e ra l  a r te r ia l  d ise a se  as  s u g g e s te d  b y
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C h ris te  e t a l. (1984) a n d  to  d e te rm in e  if  a s p ir in  o r w a rfa r in  
w ould re d u c e  h ig h  le v e ls .
Factor VII
H igh a c t iv it ie s  of th e  p ro c o a g u la n t c lo ttin g  fa c to r  VII h av e  
b een  show n to  b e  an  im p o rta n t r is k  fa c to r  fo r  ischaem ic 
h e a r t  d is e a s e . T he  N orthw ick  P a rk  H ea rt S tu d y  
d e m o n s tra te d  th a t  h ig h  lev e ls  of fa c to r  VII co ag u lan t 
a c t iv ity  w ere  a s so c ia te d  w ith  th e  r is k  of su b s e q u e n t 
ischaem ic h e a r t  d ise a se  (M eade e t  a l . , 1980, 1986). T liis 
has b een  co n firm ed  b y  o th e rs  (D a lak e r e t a l . , 1985, 1987; 
de S ousa  e t  a l .  , 1988; Hoffman e t a l . , 1988). F a c to r  VII 
a c t iv ity  is  r a p id ly  a n d  s ig n if ic a n tly  re d u c e d  b y  w a rfa r in  
even  a t  low d o sag e  (M eade, 1990). P o lle r e t  a l. h av e  
r e c e n tly  r e p o r te d  th a t  a m inidose of w a rfa r in  s ig n if ic a n tly  
re d u c e d  f a c to r  V II co ag u lan t a c t iv i ty  in  su b je c ts  w ith  h ig h  
levels (P o lle r  e t  a l. , 1990).
F ac to r V II a c t iv i ty  w as m easu red  to  d e te rm in e  if  h ig h  lev e ls  
o ccu r in  p a t ie n ts  w ith  in te rm itte n t  c lau d ica tio n  (w hich  h as  
not b e e n  p re v io u s ly  s tu d ie d )  a n d  b e c a u se  m inidose w a rfa r in  
has b e e n  r e p o r te d  to  re d u c e  s ig n if ic a n tly  fa c to r  VII in  
su b je c ts  w ith  h ig h  le v e ls  (P o lle r e t  a l . , 1990).
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Whole Blood V iscosity
In  th is  c h a p te r ,  th e  haem orheo log ical m easu rem en t of w hole 
blood v is c o s ity  w as m e asu re d  a t h ig h  s h e a r  r a te  (200s_1) a t 
n a tiv e  h a e m a to c rit . Whole b lood  v is c o s ity  was c o r re c te d  to  
a s ta n d a r d  h a e m a to c rit of 0 .45 u s in g  th e  fo rm ula  of M atrai 
e t a l. (1987 ). (S ee  C h a p te r  2)
METHODS
Study D esign and Patient Selection
P a tie n ts  w ere  ran d o m ised  in  a c o n tro lle d , doub le  b lin d , 
p a ra lle l g ro u p  s tu d y .  T h is  was a p p ro v e d  b y  th e  G lasgow  
Royal In f irm a ry  E th ica l Com m ittee.
102 p a t ie n ts  a t te n d in g  th e  o u t-p a t ie n t  c lin ic , U n it fo r  
P e r ip h e ra l V a sc u la r  S u rg e ry ,  Glasgow R oyal In f irm a ry , w ere  
e n te re d  in to  th e  s tu d y .  All p a t ie n ts  h ad  s ta b le  in te rm itte n t  
c lau d ica tio n  o f a t  le a s t  th r e e  m onths d u ra tio n . E v e ry  
p a tie n t h a d  a  ty p ic a l  h is to ry  of in te rm itte n t c lau d ica tio n  a n d  
a D o p p le r a n k le  b ra c h ia l  p r e s s u r e  in d e x  of 0 .9  o r  le ss  in  a t  
le a s t one le g .
E x clu sions fo r  e n t r y  in to  th e  s tu d y  w ere  fa ilu re  to  g ive  
in form ed  c o n s e n t ,  fem ales of ch ild  b e a r in g  a g e , n eed  fo r  
lo n g -te rm  a s p ir in  o r  a n tic o a g u la tio n , p e p tic  u lc e ra tio n , 
r e c e n t c e re b ro v a s c u la r  e v e n t ,  know n d ia b e te s  m e llitu s , 
know n a l le rg y  to  a s p ir in  o r  w a rfa r in , s e v e re  h e p a tic  o r  
re n a l im p a irm en t, b a c te r ia l  e n d o c a rd itis ,  u n c o n tro lle d  
h y p e r te n s io n ,  o th e r  m ajor i l ln e s s e s ,  d if f ic u lty  in  a t te n d in g  
c lin ic , o r  a  know n  c o a g u lo p a th y .
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Investigations
V enous b lood  sam ples (25m ls) w ere  ta k e n  from  an  arm  v ein
fo r  th e  fo llow ing  m easu rem en ts  w hich  a re  e s ta b l is h e d  in  th e
C oagu la tion  a n d  H aem orheo logy  L a b o ra to ry , G lasgow  R oyal
In f irm a ry .
* A co ag u la tio n  s c re e n  (a c t iv a te d  p a r t ia l  th ro m b o p la s tin  
tim e, p ro th ro m b in  tim e, f ib r in o g e n , f a c to r  VII a c t iv i ty )  
w as m e a su re d  in an  au to m ated  coagu lom eter 
(C o a g -a -m a te  X2) u s in g  s ta n d a rd  re a g e n ts  an d  
s ta n d a r d s  (O rg a n o n -T e k n ik a ) , e x c e p t fo r  th e  
p ro th ro m b in  tim e, a n d  fa c to r  VII w hich  w ere  m easu red  
u s in g  th e  te c h n iq u e s  d e s c r ib e d  b y  P o lle r e t  a l. (1987).
* C ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts .
* P lasm inogen  a c t iv a to r  in h ib ito r .
* von  W illeb rand  f a c to r  a n t ig e n .
* Whole b lood  a n d  p lasm a v is c o s ity  a t  h ig h  s h e a r  r a te s ,  
3 7 °C .
* M ic ro h ae m a to c rit.
* R ed  cell a g g re g a tio n .
* F u ll b lood  c o u n t a n d  p la te le t  c o u n t.
* C arb o x y h aem o g lo b in  le v e l.
T he m e thodo logy  fo r  th e s e  m easu rem en ts  is d e s c r ib e d  in
d e ta il in  C h a p te r  2.
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Method of Study
A fte r  e x p la n a tio n  of th e  s tu d y  a n d  in fo rm ed  c o n s e n t, a n d  a 
b a se lin e  b lood  sam ple fo r  th e  above  t e s t s ,  p a t ie n ts  w ere  
g iven  id e n tic a l p la c e b o , low -dose a s p ir in  (75mg d a ily ) o r  
m inidose w a rfa r in  ( lm g  d a i ly ) .  T he  allocation  fo r  th is  w as 
ran d o m ised . T h e  p a t i e n t 's  g e n e ra l p ra c t i t io n e r  w as
in fo rm ed  b y  l e t t e r ,  a n d  th e  p a t ie n ts  w ere  a sk e d  to  c o n ta c t
m yself in  th e  e v e n t of a n y  b le e d in g  o r o th e r  a c u te  e v e n t 
o c c u r r in g  b e tw e e n  sc h e d u le d  v is i ts  to  th e  c lin ic .
D etails of in te rm itte n t  c la u d ic a tio n , sm oking  h a b i t ,  p a s t  
m edical h i s to r y ,  m edication  an d  alcohol in ta k e  w ere  
r e c o rd e d .  H e ig h t, w e ig h t an d  b lood p r e s s u r e  w ere  also
re c o rd e d . C arbo x y h aem o g lo b in  leve l was u se d  to  confirm
sm oking  h a b i t .
T he p a t ie n ts  w ere  rev ie w e d  a f te r  one w eek to  ch eck
to le ra n c e  a n d  p ro th ro m b in  time ( to  ex c lu d e  h y p e r s e n s i t iv i ty  
to w a r f a r in ) ,  th e n  m on th ly  fo r  th r e e  m o n th s. A f u r th e r
rev iew  w as m ade one m onth  a f te r  d is c o n tin u in g  th e  t r ia l  
m ed ica tion . R eview  in c lu d e d  h is to ry  of in te r c u r r e n t  e v e n ts  
(e sp e c ia lly  b le e d in g  a n d  g a s tro in te s t in a l  u p s e t ) ,  g e n e ra l
ex am in a tio n , m e asu rem en t of h aem ato c rit an d  p ro th ro m b in  
tim e, a n d  ta b le t  c o u n ts  to  a s s e s s  com pliance. P a tie n ts  
could b e  w ith d ra w n  from  th e  s tu d y  an d  th e i r  m edication
s to p p e d  a t  th e i r  r e q u e s t ,  in  th e  e v e n t of b le e d in g  o r  
a d v e rs e  e v e n ts  r e q u i r in g  w ith d raw a l, o r  fo r  non-com pliance
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with a t te n d a n c e  o r  m ed ica tion . All blood te s ts  w ere 
r e p e a te d  a f te r  th r e e  m onths of tre a tm e n t,  a n d  ag a in  one 
m onth a f te r  s to p p in g  tre a tm e n t o r  on p re m a tu re
d isc o n tin u in g  of t r i a l  m ed ication .
T he an k le  b ra c h ia l  p r e s s u r e  in d e x  was re p e a te d  a f te r  th r e e  
m onths of t r e a tm e n t.
Statistical A nalysis
All d a ta  w ere  e n te re d  on to  co m p u te r in  th e  M edical
S ta t is t ic s  U n it, D ep a rtm en t of Com m unity M edicine, 
E d in b u rg h  U n iv e rs i ty .  C h an g es in  co agu la tion  an d  
haem orheo log ical v a r ia b le s  w ere  com pared  in  th e  th r e e  
tre a tm e n t g ro u p s  b e fo re  a n d  a t  th e  en d  of th r e e  m onths 
t r e a tm e n t .
D iffe ren ce s  in  m ean p lasm a leve ls  of f ib r in o g e n  b e tw een  
cases  of in te rm it te n t  c lau d ica tio n  an d  co n tro ls  h av e  b een  
m easu red  (C h a p te r  3 ) . S ev e ra l s tu d ie s  h av e  show n th a t  
f ib r in o g e n  le v e ls  a r e  e le v a te d  b y  15-20% in  clau  d ic a n ts  
(D orm andy  e t a l . ,  1973a; H am er e t  a l . ,  1973; Lowe e t  a l . ,
1986). T he sam ple s ize  o f 100 p a t ie n ts  was cho sen  b e c a u se  
it  was c a lc u la te d  th a t  w ith  33 p a t ie n ts  in  each  tre a tm e n t 
g ro u p  th e  s tu d y  w ould  h av e  a pow er of 80% a t  th e  5%
sig n if ic a n c e  lev e l to  d e te c t  a  re d u c tio n  of 9% in  plasm a 
f ib r in o g e n  le v e l: s u c h  a re d u c tio n  is lik e ly  to  be  of
p ro g n o s tic  s ig n if ic a n c e  fo r  c a rd io v a sc u la r  e v e n ts  (M eade, 
1987c).
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Analysis of Blood Variables
T he b lood  v a r ia b le s  w ere  a n a ly se d  b y  a n a ly s is  of co v a rian ce  
of th e  c h a n g e  from  b a se lin e  to  th r e e  m o n th s , f i t t in g  th e
b ase lin e  v a lu e  fo r  eac h  p a t ie n t  as a  c o v a r ia te . T he r e s u l t s  
a re  p r e s e n te d  in  te rm s  of th e  le a s t  s q u a re s  m ean ch an g e  
from  b a se lin e  to  th r e e  m o n th s , s ta n d a rd  e r r o r  of th e  le a s t  
s q u a re s  m ean , th e  n u m b e r of p a t ie n ts  fo r  each  tre a tm e n t 
g ro u p , a n d  th e  p -v a lu e  from  th e  o vera ll F - te s t  fo r  a n y  
d if fe re n c e s  b e tw e e n  th e  tre a tm e n t g ro u p s .  L ea st s q u a re s  
m eans a re  a d ju s te d  m eans w hich  ta k e  in to  acc o u n t a n y  
d if fe re n c e s  b e tw e e n  th e  tre a tm e n t g ro u p s  a t  b a se lin e . ( I t  
is im p o rta n t to  look n o t on ly  fo r  s ta t is t ic a l  d if fe re n c e s
b e tw een  tre a tm e n t g ro u p s  b u t  a lso  fo r  c lin ica lly  re le v a n t  
c h a n g e s ) .
T h e re  w ere  n in e  b lood  v a r ia b le s  w h ere  th e  c h an g e  from  
b ase lin e  to  th r e e  m on ths d id  n o t h av e  a re a so n a b ly  norm al 
d is t r ib u t io n :  f a c to r  VII ,  p ro th ro m b in  tim e, von  W illebrand
fa c to r ,  c ro s s - l in k e d  FDP s ,  PA I, f ib r in o g e n , r e d  cell
a g g re g a tio n , p la te le ts ,  a n d  carb o x y h aem o g lo b in . T h ese  
w ere in v e s t ig a te d  u s in g  loga rith m ic  tra n s fo rm a tio n  b e fo re  
u s in g  a n a ly s is  of c o v a r ia n c e . T h is  w as on ly  s u c c e s s fu l fo r  
fa c to r  V II fo r  w h ich  a n a ly s is  of co v arian ce  on th e  ch an g e  
from  b a se lin e  to  th r e e  m onths in  th e  lo g a rith m ica lly  
tra n s fo rm e d  v a lu e s  h a s  b een  p e rfo rm e d , w ith  th e
u n tra n s fo rm e d  b a se lin e  v a lu e  fo r  each  p a t ie n t  a s  th e  
c o v a r ia te .
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T h e  r e s u l t s  of th e  a n a ly s is  of co v arian ce  of th e  
lo g a rith m ica lly  tra n s fo rm e d  v a lu es  h av e  b een  p re s e n te d  in  
te rm s of th e  le a s t s q u a re s  m ean ch an g e  from  b ase lin e  
loga rith m ic  v a lu e  to  th r e e  m onths logarithm ic  v a lu e , 
s ta n d a rd  e r r o r  of th e  le a s t  s q u a re s  m ean, th e  n u m b er of 
p a t ie n ts  in  e ac h  tre a tm e n t g ro u p  a n d  th e  p -v a lu e  from  th e  
o v e ra ll F - te s t  fo r  a n y  d if fe re n c e s  b e tw een  th e  tre a tm e n ts .
B ecause  th e  ch a n g e  in  lo g a rith m ica lly  tra n s fo rm e d  v a lu es  is  
on a sca le  w h ich  is  d if f ic u lt to  in te r p r e t  th e  e x p o n en tia l of 
th e  le a s t  s q u a re s  m ean h as  b een  u se d  to  o b ta in  a  v a lu e  
w hich e s tim a te s  th e  m ean of th e  ra tio  of th e  th re e  m onth 
va lue  to  th e  b a se lin e  v a lu e , a d ju s t in g  fo r  a n y  d iffe re n c e  
b e tw een  th e  tre a tm e n t g ro u p s  a t  th e  b a se lin e .
For th e  e ig h t b lood  v a r ia b le s  fo r  w hich  loga rithm ic  
tra n s fo rm a tio n  w as u n s u c c e s s fu l in  p ro d u c in g  a no rm ally  
d is t r ib u te d  v a r ia b le ,  n o n -p a ra m e tr ic  a n a ly s is  was 
p e rfo rm e d . T h e  r e s u l t s  of th is  a n a ly s is  fo r  th e  ch an g e  
from  b a se lin e  to  th r e e  m onths h av e  b een  p re s e n te d  in  te rm s 
of m edian c h a n g e , in te rq u a r t i le  ra n g e  a n d  n u m b e rs  of 
p a t ie n ts  fo r  e ac h  tre a tm e n t g ro u p , an d  th e  p -v a lu e  from  th e  
K ruskal-W allis  t e s t  fo r  a n y  d if fe re n c e s  o v e ra ll b e tw een  th e  
t r e a tm e n ts .
Correlations
S p earm an ’s r a n k  c o rre la tio n s  w ere  p e rfo rm e d . In  view  of 
th e  la rg e  n u m b e rs  of c o rre la tio n  co effic ien ts  m easu red  in
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th is  c h a p te r  o n ly  r  v a lu es  w hich  w ere  s ig n if ic a n t a t  th e  
0.1% lev e l p ro v id e d  s t r o n g  ev id en ce  of a n y  re la tio n sh ip s  
b e tw een  th e  b lood  v a r ia b le s .
RESULTS
P a tie n ts  w ere  a g e d  b e tw een  28-82 (m ean 6 4 ), 76 m ales, 26 
fem ales. Two p a t ie n ts  w ere  w ith d raw n  from  s tu d y :  one
p a t ie n t  w ith d re w  a t  h e r  own re q u e s t  a f te r  one w eek , th e  
o th e r  p a t ie n t  was s e r io u s ly  in ju re d  in  a ro ad  t r a f f ic  
a c c id e n t a n d  cou ld  n o t a t te n d .  T h is  le ft 100 p a t ie n ts  fo r  
s tu d y .
At e n t ry  to  th e  s tu d y ,  each  tre a tm e n t g ro u p  w as sim ilar fo r  
d is tr ib u tio n  of s e x ,  a g e , b o d y  m ass in d e x , b lood p r e s s u r e ,  
p a s t  m edical h is to r y  of c a rd io v a sc u la r  d is e a se , alcohol 
co n su m p tio n , a n k le  b ra c h ia l  p r e s s u r e  in d e x  a n d  sm oking  
(See T ab le  6 .1 ) .
T he b a se lin e  v a lu e s  of th e  b lood v a r ia b le s  a re  show n (T ab le  
6 . 2 ) .
To i l lu s t r a te  th e  e f fe c ts  of a s p ir in ,  w a rfa r in  an d  p lacebo  on 
th e  b lood  v a r ia b le s  b e tw ee n  b ase lin e  an d  th re e  m o n th s , th e  
le a s t s q u a re s  m ean c h a n g e s  a n d  m edian ch an g e s  a re  show n. 
T he s ig n if ic a n c e  of d if fe re n c e s  b e tw een  each  tre a tm e n t 
g ro u p  a re  a lso  show n  (se e  T ab le  6 .3  an d  F ig u re s  6 .1 -6 .1 0 ) .
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Table 6.1
B aseline values o f age, sex, body mass index, systolic and diastolic blood  
pressure, ankle brachial pressure index, sm oking habit, m ale and fem ale alcohol 
consum ption, and past medical history o f cardiovascular disease in the three
treatm ent groups
T est Aspirin Placebo W arfarin
Age (years)
Mean 65.4 64.1 62.6
S.D. 9.6 9.2 10.9
n 34 33 34
Sex Male 27 24 24
Female 7 9 10
Total 34 33 34
Body m ass index (kg/m2)
Mean 24.1 25.2 25.8
S.D 3.0 3.4 4.0
n 34 33 34
Systolic blood pressure
(mmHg) Mean 148 147 151
S.D. 18 22 25
n 34 33 30
D iastolic blood pressure
(mmHg) Mean 82 82 84
S.D. 11 11 12
n 34 33 30
Ankle brachial pressure
index Mean 0.78 0.75 0.80
S.D. 0.19 0.20 0.19
n 34 32 32
f  Sm oking habit
25Current 19 19
Ex-smoker 14 10 8
Never 1 4 1
Total 34 33 34
t  Carboxyhaemoglobin proven
Table 6.1 continued
T est Aspirin Placebo W arfarin
M ale Alcohol 
consum ption (units
per week) Median 4 2 4
Min 0 0 0
Max 20 50 80
n 27 24 24
Fem ale Alcohol 
consum ption (units
per week) Median 0 0 0
Min 0 0 0
Max 15 6 20
n 7 9 10
Past cardiovascular
history Yes 28 30 29
No 6 3 5
n 34 33 34
Table 6.2
B aseline values for variables in the three treatm ent groups and in all patients
Test Aspirin Placebo W arfarin AH Patients
Fibrinogen (g/L)
Median 3.10 3.07 2.81 3.02
IQR 0.84 1.18 0.85 0.87
n 34 32 34 100
C ross linked FDPs
(ng/ml)
Median 137 137 149 139
IQR 182 131 132 155
n 34 33 34 100
Red cell aggregation
(units)
Median 4.6 5.0 4.3 4.6
IQR 1.9 1.4 1.7 1.8
n 34 32 30 96
Plasm inogen  
activator inhibitor
(units/ml)
Median 125 133 124 125
IQR 100 127 81 101
n 26 28 32 86
von W illebrand  
factor (%)
Median 129 147 160 141
IQR 66 76 87 75
n 34 32 34 100
Factor VII (%)
Median 110 110 113 110
IQR 58 34 56 46
n 34 31 34 99
Prothrom bin tim e
(sec)
13.6Median 13.8 13.8 13.4
IQR 0.9 1.2 1.1 1.0
n 34 32 34 100
Table 6.2 continued
Aspirin Placebo W arfarin AH Patients
W hite cell count
(x l09/L)
Mean 7.6 8.0 8.8 8.2
S.D 1.7 1.6 2.0 1.9
n 34 33 33 100
Plasm a viscosity
(mPa.s)
Mean 1.37 1.38 1.35 1.36
S.D 0.10 0.10 0.09 0.10
n 32 32 33 97
W hole blood  
viscosity (mPa.s)
Mean 3.40 3.56 3.58 3.51
S.D. 0.45 0.54 0.75 0.59
n 34 32 32 98
C orrected blood  
viscosity (mPa.s)
Mean 3.35 3.41 3.37 3.37
S.D. 0.35 0.34 0.45 0.38
n 32 29 33 94
H aem atocrit
Mean 0.46 0.47 0.47 0.47
S.D 0.04 0.04 0.05 0.04
n 34 33 33 100
Activated Partial 
Throm boplasim  
tim e (sec)
Mean 29.3 29.3 29.1 29.2
S.D. 2.8 3.4 3.0 3.1
n 33 31 28 93
Red blood count
(x l0 12/L)
Mean 4.62 4.80 4.73 4.71
S.D 0.42 0.50 0.40 0.45
n 34 33 33 100
H aem oglobin
(g/dl)
14.7Mean 14.4 14.8 14.9
S.D. 1.3 1.4 1.6 1.4
n 34 33 33 100
Table 6.2 continued
Aspirin Placebo W arfarin All Patients
M ean cell volum e
(fl) Mean 90 90 91 90
S.D. 7 6 6 6
n 34 33 33 100
Platelet count
(x l09/L)
Median 304 289 287 296
IQR 83 89 90 86
n 34 33 33 100
Carboxy- 
haem oglobin (%)
Median 2.8 3.3 3.3 3.3
IQR 3.5 4.3 5.0 4.1
n 31 31 33 95
Table 6.3
Least squares mean (LS mean) changes and m edian changes between  
baseline and three m onths in the three treatm ent groups
V ariable Aspirin Placebo W arfarin p value
Fibrinogen (g/L)
Median -0.06 -0.08 0.15 N.S.
IQR 0.83 1.14 0.56 (K ruskal-W allis)
n 34 29 31
Cross linked FDPs
(ng/ml)
Median 0.5 -2 -5.5 N.S.
IQR 48 47 27 (K ruskal-W allis)
n 33 28 30
Red cell
aggregation (units)
Median 0.4 0.35 0.45 N.S.
IQR 1.7 1.7 2.0 (K ruskal-W allis)
n 32 29 26
Plasm inogen  
A ctivator Inhibitor
(units/ml)
Median 3.5 5 11.5 N.S.
IQR 81 94 80 (K ruskal-W allis)
n 22 24 21
Von W illebrand  
Factor (%)
Median 3 -9 0 N.S.
IQR 23 39 27 (K ruskal-W allis)
n 34 29 30
f  Factor VII (%)
LS Mean 0.206 0.140 0.003 N.S.
SE 0.073 0.079 0.076 (F-test)
n 33 28 30
Prothrom bin  
tim e (sec)
Median 0.1 0.05 0.3 p<0.05)
IQR 0.9 0.8 0.7 (K ruskal-W allis)
n 34 29 31
t Logarithmic transformation
Table 6.3 continued
Variable Aspirin Placebo W arfarin p value
W hite cell count
(xlOTL)
LS mean 0.5 -0.5 -0.3 p<0.05
SE 0.3 0.3 0.3 (F-test)
n 32 32 31
Plasm a viscosity
(mPa.s)
LSMean -0.03 -0.04 -0.02 N.S.
S.E. 0.01 0.01 0.01 (F-test)
n 32 29 31
W hole blood  
viscosity (mPa.s)
LS mean -0.17 -0.03 -0.08 N.S.
SE 0.08 0.09 0.08 (F-test)
n 34 27 29
Corrected blood  
viscosity (mPa.s)
LS mean -0.10 0.09 -0.01 N.S.
SE 0.06 0.07 0.06 (F-test)
n 32 25 29
H aem atocrit
LS mean -0.9 -0.8 -1.0 N.S.
SE 0.5 0.5 0.5 (F-test)
n 34 29 31
Activated partial 
throm boplastin  
tim e (sec)
LS mean 0.3 -0.1 0.3 N.S.
SE 0.5 0.5 0.5 (F-test)
n 31 26 25
Red blood count
(x l012/L)
LS mean -0.09 -0.10 -0.12 N.S.
SE 0.04 0.04 0.04 (F-test)
n 32 32 31
Table 6.3 continued
V ariable Aspirin Placebo W arfarin p value
H aem oglobin (g/dl)
LS mean -0.38 -0.22 -0.38 N.S.
SE 0.13 0.13 0.13 (F-test)
n 32 32 31
M ean cell volum e (fl)
LS mean 1.1 0.0 0.8 N.S.
SE 0.4 0.4 0.4 (F-test)
n 32 32 31
Platelet count (xl09/L)
Median 5 -4.5 2 N.S.
IQR 108 43 66 (K ruskal-W allis)
n 31 32 31
C arboxyhaem oglobin
(%)
Median -0.2 0.5 0.0 N.S.
IQR 1.5 1.6 0.8 (K ruskal-W allis)
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F igu re  6 .1
Median changes in plasma fibrinogen level between baseline and three months 
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F ig u r e  6 .2
Median changes in plasma levels of cross linked fibrin degradation products 














F igu re 6 .3
Median changes in red cell aggregation between baseline and three months in 
the three treatment groups.
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F igu re 6 .4
Median changes in levels of plasminogen activator inhibitor between baseline and 
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F ig u re  6 .5
Median changes in levels of von Willebrand factor antigen between baseline and 
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F ig u re  6 .6
Least squares mean changes in Factor VII activity between baseline and three 
months in the three treatment groups.











F ig u re  6.7













F ig u re  6 .8
Least squares mean changes in white cell count between baseline and three 
months in the three treatment groups.












F ig u re  6 .9
Least squares mean changes in corrected blood viscosity between baseline 












F ig u r e  6 .10
Median changes in platelet count between baseline and three months in the 
three treatment groups.
O nly  p ro th ro m b in  tim e a n d  w h ite  cell co u n t w ere  s ta t is t ic a l ly  
s ig n if ic a n tly  a l te r e d .  P ro th ro m b in  time w as s ig n if ic a n tly  
p ro lo n g e d  b y  1 mg of w a rfa r in  d a ily , com pared  to  th e  
p laceb o  a n d  a s p ir in  g r o u p s . White cell c o u n t was 
s ig n if ic a n tly  in c re a s e d  b y  75 mg of a s p ir in  d a ily  com pared  
to  th e  p laceb o  a n d  w a rfa r in  g ro u p s .
L eve ls  of PAI w ere  e le v a te d  in  th e  p a t ie n ts  (co m p ared  to  
th e  la b o ra to ry  norm al ra n g e :  m edian 92 u /m l, in te rq u a r t i le  
r a n g e  45, n = 7 8 0 ). H ow ever PAI w as n o t a l te re d  b y
w a r fa r in ,  a s p ir in  o r  p la ceb o . PAI c o r re la te d  in v e rs e ly  w ith  
c ro s s - l in k e d  F D P 's  a n d  in v e rs e ly  w ith  ag e  (S ee T ab le  6 .4 ) .
T he p a t ie n ts  h a d  h ig h  le v e ls  of von  W illebrand  fa c to r  
a n tig e n  (co m p ared  to  la b o ra to ry  norm al r a n g e :  m edian 94%, 
in te r q u a r t i le  r a n g e  48, n=263). W arfa rin , a s p ir in  o r
p laceb o  d id  n o t s ig n if ic a n tly  a l te r  von  W illebrand F a c to r  
a n tig e n  le v e l. V on W illebrand fa c to r  a n tig e n  d id  n o t 
c o r re la te  w ith  a n y  o th e r  v a r ia b le  a t  th e  0.1% s ig n if ic a n c e  
le v e l.
H igh le v e ls  o f f a c to r  VII a c t iv i ty  w ere  fo u n d  in  th e  
p a t ie n ts ,  (co m p ared  to  th e  la b o ra to ry  norm al r a n g e :  m edian 
98%, in te r q u a r t i le  ra n g e  66, n= 21). T he  lev e l of fa c to r  VII 
a c t iv i ty  w as n o t s ig n if ic a n tly  a l te r e d  b y  1 mg of w a rfa r in  in  
th is  s tu d y ,  n o r  b y  low -dose  a s p ir in  o r  p la ceb o . F a c to r  VII 
a c t iv i ty  d id  n o t c o r re la te  w ith  a n y  o th e r  b lood  v a r ia b le  a t  
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Whole b lood  v is c o s ity  w as a lso  e le v a te d  in  th e  p a t ie n ts  w ith  
in te rm itte n t  c lau d ica tio n  b u t  was n o t a l te r e d  in  a n y  of th e  
tre a tm e n t g r o u p s . Whole b lood v is c o s ity  s ig n if ic a n tly  
c o r re la te d  w ith  p lasm a v is c o s ity ,  h a e m a to c rit, haem oglobin  
a n d  r e d  b lood  cell c o u n t.
Correlations
T ab le  6 .4  show s th e  s ig n if ic a n t c o rre la tio n s  fo u n d  b e tw een  
th e  b lood  v a r ia b le s  a t  th e  b a se lin e  m easu rem en ts  in  th e  100 
p a t i e n t s .
Side E ffects
S even  p a t ie n ts  com plained  of s id e  e f fe c ts .  F ive o f th e se  
w ere  in  th e  a s p ir in  tre a tm e n t g ro u p , one p a t ie n t  w as in  th e  
w a rfa r in  tre a tm e n t g r o u p , a n d  one p a t ie n t  in  th e  p laceb o  
tre a tm e n t g ro u p . No p a t ie n ts  w ith  s id e  e f fe c ts  s to p p e d  
m e d ica tio n .
A sp ir in
One p a t ie n t  h a d  a n  ep iso d e  of h aem o p ty s is . One p a t ie n t  
h ad  an  ep iso d e  of h a e m a tu ria . Two p a t ie n ts  com plained  of 
u p p e r  abdom inal p a in . One p a t ie n t  com plained of a  r a s h .
W arfarin
One p a t ie n t  com plained  of an  ep iso d e  of h aem o p ty s is .
P lacebo
One p a t ie n t  com plained  of u p p e r  abdom inal p a in .
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A d v e rse  E v en ts
F ive a d v e r s e  e v e n ts  o c c u r re d .  All w ere  in  p a t ie n ts  in  th e  
w a rfa r in  tre a tm e n t g ro u p . Two p a t ie n ts  s u f fe re d  s t ro k e s .  
One p a t ie n t  d ied  s u d d e n ly . One p a t ie n t  o cc lu d ed  a 
p ro s th e t ic  fem o ro p o p litea l b y p a s s  g r a f t .  O ne p a t ie n t  
s u f f e re d  a m yo card ia l in fa rc t io n .
DISCUSSION
T he b a se lin e  m e asu re m en ts  of c lin ica l p re s e n ta t io n  to g e th e r  
w ith  th e  b a se lin e  b lood  v a r ia b le s  a re  e q u iv a le n t in  each  
tre a tm e n t g ro u p .  T h is  is  in  k e e p in g  w ith  th e  do u b le  b lin d  
ran d o m isa tio n  m ethod  em ployed . B ase line  r e s u l t s  show ed  
s im ilar a b n o rm a litie s  to  th o se  p re v io u s ly  o b s e rv e d  in  
in te rm itte n t  c lau d ica tio n  in  C h a p te r  3.
N e ith e r  low -d o se  a s p ir in  o r  m inidose w a rfa r in  a p p e a re d  to  
a l te r  s ig n if ic a n tly  th e  h y p e rc o a g u la b le  s ta te  o r  ab no rm al 
b lood  rh e o lo g y  in  p a t ie n ts  w ith  in te rm itte n t  c la u d ic a tio n . 
O nly  p ro th ro m b in  tim e a n d  w hite  cell co u n t w ere  s ta t is t ic a l ly  
s ig n if ic a n tly  a l te r e d .
As e x p e c te d , p ro th ro m b in  time w as p ro lo n g e d  (b y  a  m ean of 
0 .3  s e c o n d s )  a f te r  3 m on ths of w a rfa r in  t re a tm e n t.  T he  
in c re a s e  in  p ro th ro m b in  tim e was sim ilar to  th a t  fo u n d  b y  
P o lle r e t  a l. (1990) a n d  B e rn  e t a l. (1990). T h is  is  
u n lik e ly  to  b e  of c lin ica l s ig n if ic a n c e  fo r  b le e d in g  s in ce  m ost 
p a t ie n ts  rem a in ed  in  th e  norm al ra n g e .  As e x p e c te d , th e r e  
w as in d iv id u a l v a r ia t io n , fo u r  p a t ie n ts  sh o w in g  s e n s i t iv i ty
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to w a rfa r in  h a v in g  s ig n if ic a n tly  p ro lo n g e d  p ro th ro m b in  tim es 
b e y o n d  th e  norm al r a n g e .  T h is  h o w ev er d id  n o t r e q u ir e  a 
c h a n g e  of t r e a tm e n t.
N e ith e r  w a rfa r in  n o r  a s p ir in  a l te re d  f a c to r  VII a c t iv i ty .  
T he  h ig h  le v e ls  of fa c to r  VII a c t iv i ty  in  th e  p a t ie n ts  
s u g g e s t  a te n d e n c y  to  th ro m b o tic  e v e n ts .  T he  m edian lev el 
of 110% fa c to r  V II a c t iv i ty  fo u n d  in  th e se  p a t ie n ts  is  s im ilar 
to  th e  lev e l c o n s id e re d  h ig h  r is k  fo r  develo p m en t of 
ischaem ic h e a r t  d ise a se  in  th e  T hrom bosis  P re v e n tio n  T ria l 
(M eade, 1990). While P o lle r e t  a l. (1990) show ed th a t  1 mg 
of w a rfa r in  s ig n if ic a n tly  re d u c e d  h ig h  fa c to r  V II le v e ls , 
B e rn  e t  a l . (1990) fo u n d  minimal c h an g e  in  f a c to r  V II 
le v e ls , a s  d id  th is  p r e s e n t  s tu d y .
I t  is  p o s s ib le  th a t  th e  do se  of w a rfa r in  w as too low to  a l te r  
s ig n if ic a n tly  th e  h y p e rc o a g u la b le  s ta te  a n d  abnorm al b lood  
rh e o lo g y . In  th e  T h ro m b o sis  P re v e n tio n  T ria l an  a v e ra g e  
of 4. 6mg of w a rfa r in  d a ily  w as r e q u ire d  to  re d u c e  fa c to r  
VII c o a g u la n t a c t iv i ty  from  a h ig h  r is k  lev e l of 120% to  a 
low r i s k  lev e l of 70% (M eade, 1990). T he aim of th a t  t r ia l  
is  to  re d u c e  th e  in c id e n c e  of ischaem ic h e a r t  d ise a se  in  men 
a t  h ig h  r i s k  b y  30%. H ow ever P o lle r e t a l. (1987) 
d e m o n s tra te d  th a t  m in idose w a rfa r in  ( lm g  d a ily ) g iv e n  fo r  a 
mean of 20 d a y s  p re -o p e ra t iv e ly  re d u c e d  d eep  v en o u s  
th ro m b o sis  fo llow ing  m ajor s u r g e r y ,  d e sp ite  a p ro th ro m b in  
time w ith in  th e  norm al r a n g e  im m ediately  b e fo re  s u r g e r y . 
M inidose w a rfa r in  w as co n tin u e d  th ro u g h o u t th e  p a t ie n ts  
s ta y  in  h o s p ita l .  P o lle r e t  a l. a lso  re p o r te d  th a t  lm g  of
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w a rfa r in  s ta t is t ic a l ly  s ig n if ic a n tly  re d u c e d  fa c to r  VII 
c o a g u la n t a c t iv i ty  in  su b je c ts  w ith  h ig h  lev e ls  (P o lle r e t 
a l . ,  1990). T h is  w as n o t confirm ed  b y  th e  p r e s e n t  s tu d y  
in  c la u d ic a n ts .
W hite cell c o u n t w as s ig n if ic a n tly  in c re a s e d  in  th e  a s p ir in
9
tre a tm e n t g ro u p  b y  a m ean of 0 .5  X 1 0 /1 .  H ow ever th is  
may n o t b e  an  e f fe c t d u e  to  a s p ir in .  T he w hite  cell co u n t 
in th e  p laceb o  tre a tm e n t g ro u p  w as re d u c e d  b y  th e  same 
am ount a f te r  th r e e  m o n th s . White cell c o u n t is v e r y  lab ile  
a n d  can  b e  in f lu e n c e d  b y  m any fa c to rs  in c lu d in g  sm oking  
h a b it  ( P e t i t t i  & K ip p , 1986). An in c re a s e  in  w h ite  cell
9
co u n t of 0 .5  X 10 /I  is  u n lik e ly  to  b e  of c lin ica l re le v a n c e  
in  p a t ie n ts  w ith  in te rm itte n t  c la u d ica tio n .
W arfarin  o r  a s p ir in  d id  n o t a l te r  PAI le v e ls . B ase line  h ig h  
lev e ls  of PAI s u g g e s t  in c re a s e d  in h ib itio n  of th e  f ib r in o ly tic  
sy s te m , w h ich  m ay e n h a n c e  th e  te n d e n c y  to  th ro m b o sis  in  
p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a s e . S ince in c re a s e d  
PAI le v e ls  sh o u ld  in h ib it  ly s is  of f ib r in ,  an  in v e rs e  
c o rre la tio n  w ith  c ro s s - l in k e d  FDP s m igh t b e  e x p e c te d , an d  
in d e e d  w as o b s e rv e d .  T h is  h as  n o t b een  p re v io u s ly  
r e p o r te d .  PAI c o r re la te d  in v e rs e ly  w ith  a g e , in  th is  s tu d y .  
While PAI le v e ls  d e c re a se  w ith  a g e , c ro s s - l in k e d  F D P 's  
in c re a s e  w ith  a g e .
W arfarin  o r  a s p ir in  d id  n o t a l te r  th e  lev e ls  of von  
W illebrand  fa c to r  a n t ig e n .  T he  h ig h  b a se lin e  lev e ls  of von  
W illebrand  f a c to r  a n t ig e n  confirm  th e  s tu d y  b y  C h r is te  e t
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a l. (1 984), a n d  m ay in d ic a te  en d o th e lia l dam age d u e  to  
a th e ro s c le ro s is .  I t  is  p o ss ib le  th a t  a re a s  of h ig h  s h e a r  a t 
th e  s ite s  of a r te r ia l  s te n o s e s  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d ise a se  in c re a s e  von  W illebrand f a c to r  le v e ls . 
F ib r in  is  know n to  s tim u la te  von  W illebrand f a c to r  s e c re t io n  
from  en d o th e lia l ce lls  a n d  a lso  to  b in d  to  von  W illebrand 
f a c to r  (R ib e s  & F ra n c is ,  1990; R ibes e t  a l. , 1987). F ib r in  
p r e s e n t  in  a th e ro s c le ro tic  p la q u e s  may s tim u la te  s e c re tio n  of 
von W illebrand  f a c to r ,  w hich  m ay r e s u l t  in  p la te le t  
a g g re g a tio n  a n d  a d h e s io n  a t  th e  s ite s  of a th e ro sc le ro tic  
p la q u e s , th u s  p ro m o tin g  th ro m b o s is .
L eve ls  of von  W illebrand  f a c to r  a n tig e n  m igh t b e  in c re a s e d  
b e c a u se  of h ig h  s h e a r  co n d itio n s  o c c u r r in g  a t  s te n o se s  in  
p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a se . In h ib itio n  of 
s h e a r  in d u c e d  p la te le t  a c tiv a tio n  m e rits  f u r th e r  
in v e s t ig a t io n . M onoclonal a n tib o d ie s  to  von  W illebrand 
fa c to r  a n d  th e  p la te le t  r e c e p to r  g ly c o p ro tie n  I lb / I I I a  h av e  
b een  show n to in h ib it  th ro m b u s  fo rm ation  in  anim al s tu d ie s  
more e f fe c tiv e ly  th a n  a s p ir in  (C o lle r e t  a l . ,  1986; H anson  e t  
a l . ,  1988; Y asu d a  e t a l . , 1988; B e llin g e r e t a l. , 1987).
In  a r e c e n t  s tu d y  of th e  e f fe c ts  of w a rfa r in  on m o rta lity  
a n d  r e in fa rc tio n  a f te r  m yocard ia l in fa rc t io n , Sm ith e t  a l.
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(1990b) r e p o r te d  an  in c re a s e d  r is k  of in t r a c ra n ia l  
h a e m o rrh a g e  d u r in g  a n tic o a g u la tio n . I t  is th e re fo re  
im p o rta n t to  ach ie v e  a b a lan ce  of b e n e f i t a n d  r i s k .  T he 
o b je c tiv e  of th is  s tu d y  w as to  t r y  to  re d u c e  th e  
h y p e rc o a g u la b le  s ta te  a n d  ab no rm al h aem orheo logy  w ith  a 
w a rfa r in  dose  w ith  minimal s id e  e f f e c ts ,  w hich  d id  n o t 
r e q u ir e  m o n ito rin g . B ecau se  fo u r  s u b je c ts  show ed  in c re a s e s  
in  p ro th ro m b in  tim e in to  th e  " th e ra p e u tic  r a n g e " , c le a r ly  
d o ses  h ig h e r  th a n  1 mg p e r  d a y  w ould r e q u ir e  m o n ito rin g  
a n d  d ose  a d ju s tm e n t.
I t  is  p o ss ib le  th a t  th e  a s p ir in  do se  w as too low in  th is  
s tu d y .  H ow ever, a t  a  low -dose (75mg d a ily ) a s p i r i n 's
e f fe c t m axim ises th e  in h ib itio n  of th ro m b o x an e  w hile
m inim ising th e  in h ib ito ry  e f fe c t on p ro s ta c y c lin  (M eade, 
1990). T h e  d e g re e  of in h ib itio n  of cy c lo o x y g en ase  
d e p e n d e n t p la te le t  a g g re g a tio n  is  sim ilar o v e r  a  r a n g e  of 
a s p ir in  from  50m g-1500m g d a ily  (P a tro n o  e t  a l . , 1985). In  
th e  UK TIA  T ria l th e r e  w as no th e ra p e u tic  d if fe re n c e  
b e tw ee n  325mg a n d  1200mg d a ily , an d  th e  low er dose  h a d  
le ss  s id e  e f fe c ts  (UK TIA  S tu d y  G ro u p , 1988).
Correlations
F ib rin o g e n  c o r re la te d  s ig n if ic a n tly  w ith  r e d  cell a g g re g a tio n  
in  th is  s tu d y  (co m p ared  to  c h a p te r  3 ) .  T h is  s u g g e s ts  th a t  
th e  in c re a s e d  f ib r in o g e n  lev e l is  in  p a r t  re s p o n s ib le  fo r  th e
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in c re a s e d  r e d  cell a g g re g a tio n  fo u n d  in  th e se  p a t ie n ts .  
In c re a s e s  in  f ib r in o g e n  c o n c e n tra tio n  g r e a t ly  in c re a s e  r e d  
cell a g g re g a tio n  in  v it ro  (M errill e t a l . , 1969). As
e x p e c te d , f ib r in o g e n  a lso  c o r re la te d  s ig n if ic a n tly  w ith
p lasm a v is c o s ity .
T h e re  w as an  in v e rs e  c o rre la tio n  of c ro s s - l in k e d  FDP s w ith  
p lasm in o g en  a c t iv a to r  in h ib ito r  (P A I ) . W here th e re  is
in c re a s in g  le v e ls  of PAI th e re  is  in h ib itio n  of th e
f ib r in o ly tic  sy s te m , a n d  h en ce  p o s s ib ly  a c o n se q u e n t 
d e c re a se  in  f ib r in  d e g ra d a tio n . S ince h ig h  lev e ls  of PAI 
a re  p r e s e n t  in  p a t ie n ts  w ith  in te rm itte n t  c la u d ic a tio n , th is  
m ay te n d  to  allow a  d ep o s itio n  of f ib r in  s in ce  th e r e  is
in h ib itio n  of f ib r in o ly s is .  H igh le v e ls  of c ro s s - l in k e d  FDP s 
a n d  PAI in  p a t ie n ts  w ith  in te rm itte n t  c lau d ica tio n  in d ic a te  
e x c e ss iv e  f ib r in  fo rm a tio n .
T he  p o s itiv e  c o r re la tio n  of c ro s s - l in k e d  FDP s w ith  age  
confirm s th is  f in d in g  in  c h a p te r  3. T he  in v e rs e  c o rre la tio n  
of c ro s s - l in k e d  FDP s w ith  haem oglobin  m ay sim ply  re f le c t  
th e  c o rre la tio n  of F D P 's  a n d  haem oglobin  w ith  a g e . T h e re  
w as a  re d u c t io n  of haem oglob in  a n d  an  in c re a s e  in  FDP s 
w ith  in c re a s in g  a g e .
PAI c o r re la te d  in v e rs e ly  w ith  a g e . As p a t ie n ts  g e t o ld e r  
PAI d e c re a se s  w ith  a r e s u l ta n t  d e c re a se  in  in h ib itio n  of 
f ib r in o ly s is .
T he  c o rre la tio n  of w hole b lood  v is c o s ity  w ith  p lasm a
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v isc o s ity , h a e m a to c rit , r e d  b lood c o u n t, haem oglob in , an d  
c o r re c te d  v is c o s ity  is  e x p e c te d  s in ce  h aem a to c rit a n d  p lasm a 
v is c o s ity  a re  th e  m ajor d e te rm in a n ts  of whole b lood v is c o s ity  
(Low e, 1987 b ) .
Von W illebrand  f a c to r  a n tig e n  a n d  fa c to r  VII a c t iv i ty  h ad  no 
s ig n if ic a n t c o r re la tio n s  a t  th e  0 .1  % le v e l.
T he  re a s o n  fo r  in v e rs e  c o rre la tio n s  b e tw ee n  p la te le t  co u n t 
a n d  r e d  b lood  cell c o u n t ,  a n d  haem oglobin  is  u n c le a r .
Side E ffects
S even  p a t ie n ts  com plained  of s id e  e f fe c ts  d u r in g  th e  t r i a l .  
F ive p a t ie n ts  w ere  in  th e  a s p ir in  tre a tm e n t g r o u p , one 
p a t ie n t  w as in  th e  w a rfa r in  tre a tm e n t g ro u p  a n d  one w as on 
p la ceb o .
A sp ir in
One p a t ie n t  w ith  c h ro n ic  o b s tru c t iv e  a irw ay s  d ise a se  h ad  
one e p iso d e  of h aem o p ty s is  w hich  re s o lv e d . One p a t ie n t  
w ith  p r o s ta t i t i s  h ad  a n  ep iso d e  of h a e m a tu ria  one d a y  a f te r  
s ta r t in g  a s p ir in  m ed ica tio n . Two p a t ie n ts  com plained  of 
u p p e r  abdom inal p a in  a n d  one p a t ie n t  com plained  of a  r a s h  
w hich  re s o lv e d .
W arfarin
One p a t ie n t  com plained  of h aem o p ty s is  a t  one m on th . H er 
c h e s t x - r a y  w as norm al a n d  h e r  p ro th ro m b in  time was 
s ig n if ic a n tly  p ro lo n g e d . T he  h aem o p ty s is  d id  n o t r e c u r
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d u r i n g  th e  c o u r s e  of  t h e  t r i a l .
P lacebo
One p a t ie n t  com plained  of u p p e r  abdom inal p a in  a f te r  th r e e  
m o n th s .
T h e  s id e  e f fe c ts  w ere  minimal in  all tre a tm e n t g ro u p s .  
T re a tm e n t w as n o t s to p p e d  b e c a u se  of a n y  s id e  e f fe c ts .
A dverse Events
All f iv e  a d v e r s e  e v e n ts  o c c u r re d  in  th e  w a rfa r in  tre a tm e n t 
g ro u p : p ro b a b ly  a  c h an c e  f in d in g . T h is  n u m b e r of e v e n ts  
w ould b e  e x p e c te d  from  a s tu d y  of 100 p a t ie n ts  w ith  
p e r ip h e ra l  a r te r ia l  d ise a se  follow ed u p  fo r  fo u r  m o n th s . 
Two p a t ie n ts  s u f f e r e d  s t r o k e s .  B o th  p a t ie n ts  h a d  CT s c a n s  
w h ich  e x c lu d e d  h a e m o rrh a g ic  s t r o k e .  T he  f i r s t  p a t ie n t  h a d  
a  p a s t  h is to r y  of a  s t ro k e  a n d  a lso  s u f fe re d  from  a n g in a . 
T he  seco n d  h a d  a p a s t  h is to ry  of a  m yocard ia l in fa rc tio n  
a n d  a n  a o r tic  b ifu rc a tio n  g r a f t .  O ne p a t ie n t  d ie d  s u d d e n ly  
one w eek  a f te r  ta k in g  w a r fa r in .  He h ad  b e e n  com plain ing  
of c h e s t  p a in  a n d  h a d  an  ischaem ic ECG re c o rd e d  on th e  
d a y  h e  d ie d . His p ro th ro m b in  tim e h a d  in c re a s e d  b y  0 .6  
se c o n d s  (1 2 .8  to  13 .4  s e c ) .  T h is  w as w ith in  th e  norm al 
r a n g e .  O ne p a t ie n t  o cc lu d ed  a p ro s th e t ic  fem o ro p o p litea l 
b y p a s s  g r a f t  in s e r te d  one y e a r  p re v io u s ly .  One p a t ie n t  
s u f fe re d  a  m yocard ia l in fa rc tio n  th r e e  w eeks a f te r  
co m ple ting  w a rfa r in  tre a tm e n t fo r  th r e e  m o n th s .
215
F u r th e r  la rg e r  s tu d ie s  a re  r e q u ir e d  to  d e te rm in e  w h e th e r  
e i th e r  lo n g  te rm  a s p ir in  o r  w a rfa r in  re d u c e s  th e  th ro m b o tic  
r is k  in  p e r ip h e ra l  a r te r ia l  d is e a s e . In  a p ro s p e c tiv e  
ran d o m ised  t r i a l  of w a rfa r in  com pared  to  p la ceb o , 
K re tsc h m e r e t  a l . (1987) show ed  th a t  w a rfa r in  s ig n if ic a n tly  
im p ro v ed  th e  lo n g  te rm  p a te n c y  of fem oropop litea l v e in  
b y p a s s  g r a f ts  in  p a t ie n ts  w ith  ischaem ic r e s t  p a in  an d  
g a n g re n e ,  b u t n o t in  p a t ie n ts  w ith  in te rm itte n t  c la u d ic a tio n . 
T h is  m ay re f le c t  th e  fa c t th a t  p a t ie n ts  w ith  c r it ic a l limb 
ischaem ia  h a v e  a  g r e a te r  te n d e n c y  to  th ro m b o sis  th a n  
c la u d ic a n ts .  K re tsc h m e r e t a l . la te r  show ed  th a t  w a rfa r in  
s ig n if ic a n tly  re d u c e d  m o rta lity  in  th e s e  p a t ie n ts  com pared  to  
p laceb o  (K re ts c h m e r  e t a l . ,  1988). A sp ir in  a n d  w a rfa r in  
m igh t g iv e  c lin ica l b e n e f i t  in  m ore s e v e re  ischaem ia w h e re  
th e re  is  r e d u c e d  b lood  flow a n d  w h ere  s ta g n a tio n  th ro m b o sis  
can  o c c u r .
Summary
P a tie n ts  w ith  in te rm itte n t  c lau d ica tio n  h av e  in c re a s e d  
f ib r in o g e n , a  h y p e rc o a g u la b le  s ta te  a n d  abno rm al b lood  
rh e o lo g y . N e ith e r  low -dose  a s p ir in  n o r  m inidose w a rfa r in  
a l te r e d  th e s e  c h a n g e s  in  th e  b lo o d . T he  e le v a te d  lev e ls  of 
f a c to r  VII a c t iv i ty ,  v o n  W illebrand fa c to r  a n t ig e n  a n d  PAI 
p ro v id e  a d d itio n a l e v id e n c e  o f a  h y p e rc o a g u la b le  s ta te  a n d  
ev id e n c e  of d e f ic ie n t f ib r in o ly s is  in  p e r ip h e ra l  a r te r ia l  
d is e a s e .
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CHAPTER 7
General D iscussion and Suggestions for Further Work
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Introduction
F ib rin o g e n  m ay h a v e  a ro le  in  p e r ip h e ra l  a r te r ia l  d ise a se  
th ro u g h  i ts  e f fe c ts  on a th e r o g e n e s is , th ro m b o sis  a n d  
h aem o rh eo lo g y .
R o k ita n sk y  (1852) p ro p o se d  th a t  f ib r in  d e p o s itio n  in  th e  
a r te r ia l  wall in i t ia te d  th e  a th e ro m a to u s  p ro c e s s .  D ug u id  
(1948) d e m o n s tra te d  th e  p re s e n c e  of f ib r in  in  p la q u e s  a n d  
r e c e n t ly  Sm ith e t  a l . (1990a) h av e  d e m o n s tra te d  f ib r in o g e n  
a n d  a  ra n g e  of f ra g m e n ts  m ain ly  d e r iv e d  from  c ro s s - l in k e d  
f ib r in  in  a th e ro s c le ro tic  p la q u e s , a n d  s u g g e s te d  th a t  th e  
d e g ra d a tio n  p ro d u c ts  of f ib r in o g e n  a n d  f ib r in  a re  
a th e r o g e n ic .
T h is  th e s is  h a s  in v e s t ig a te d  th e  ro le  of f ib r in o g e n  a n d  i ts  
re la tio n s h ip  to  th ro m b o sis  a n d  b lood  rh e o lo g y  in  p a t ie n ts  
w ith  p e r ip h e ra l  a r te r ia l  d is e a se . T he  c o n v e rs io n  of 
f ib r in o g e n  to  f ib r in  is  th e  f in a l p a th w a y  of c o a g u la tio n , a n d  
th ro m b o sis  is  a  f e a tu r e  in  th e  p ro g re s s io n  of p e r ip h e ra l  
a r te r ia l  d is e a s e . F ib r in o g e n  h a s  a  rh eo lo g ica l e f fe c t ,  
in c re a s in g  b lood  v is c o s ity  th ro u g h  its  e f fe c ts  on p lasm a 
v is c o s ity  a n d  on r e d  cell a g g re g a tio n . Two new  te c h n iq u e s  
w ere  u s e d  in  th is  s tu d y :  m easu rem en t of c ro s s - l in k e d
F D P 's  (a n  in d e x  o f f ib r in  fo rm ation  from  f ib r in o g e n )  a n d  
m easu rem en t o f r e d  cell a g g re g a tio n  - b y  a new  p h o to m e tric  
m eth o d . B o th  th e s e  te c h n iq u e s  can  b e  r a p id ly  a s s a y e d  an d
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cou ld  b e  p o te n tia l ly  u s e fu l in  c lin ica l p ra c t ic e .  T he  main 
aim of th is  th e s is  was to  e v a lu a te  th e i r  r e la tio n s h ip s  a s  well 
a s  th a t  of f ib r in o g e n , to  s e v e ra l  a s p e c ts  of p e r ip h e ra l  
a r te r ia l  d is e a s e .
Fibrinogen
T h is  th e s is  h a s  show n in  a  case  - co n tro l s tu d y  (C h a p te r  
3) th a t  f ib r in o g e n  is  in c re a s e d  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d is e a s e , co n firm in g  p re v io u s  s tu d ie s  (D o rm an d y  e t 
a l . ,  1973a; H am er e t  a l . , 1973). T he  im p o rta n t m essage  of 
th e  c u r r e n t  s tu d y  w as th a t  m u ltiv a r ia te  a n a ly s is  ( in c lu d in g  
a g e )  show ed  th a t  th e  in c re a s e d  f ib r in o g e n  le v e l w as la rg e ly  
a t t r ib u ta b le  to  th e  e f fe c t of sm ok ing . M u ltiv a ria te  a n a ly s is  
in c lu d in g  sm ok ing  h a s  n o t b e e n  p e rfo rm e d  in  p re v io u s  
s tu d ie s  of f ib r in o g e n  in  p e r ip h e ra l  a r te r ia l  d is e a s e . 
F ib r in o g e n  w as s ig n if ic a n tly  in c re a s e d  in  c u r r e n t  sm o k ers  
com pared  to  ex  o r  n o n -sm o k e rs , in  b o th  p a t ie n ts  a n d  
c o n tro ls .  F ib r in o g e n  is a  p o ss ib le  m echanism  th ro u g h  w hich  
th e  e f fe c t of sm ok ing  cou ld  c au se  p e r ip h e ra l  a r te r ia l  d ise a se  
to  p r o g r e s s . While f u r th e r  ep idem iological s tu d ie s  of th e  
re la t io n s h ip  b e tw e e n  p e r ip h e ra l  a r te r ia l  d is e a s e , f ib r in o g e n  
a n d  sm ok ing  a re  r e q u i r e d ,  th e  r e s u l t s  of th e  p r e s e n t  s tu d y  
s u g g e s t  th a t  th e  in c re a s e d  sm oking  h a b it  in  p e r ip h e ra l  
a r te r ia l  d ise a se  m ay la rg e ly  ex p la in  th e  in c re a s e d  f ib r in o g e n  
le v e l.
219
O th e r  p o ss ib le  in f lu e n c e s  on f ib r in o g e n  in  p e r ip h e ra l  
a r te r ia l  d ise a se  in c lu d e  g e n e tic  f a c to r s .  C e rta in  fam ilies 
show  a p re d is p o s it io n  to  p e r ip h e ra l  v a s c u la r  d ise a se  a n d  
in c re a s e d  f ib r in o g e n  lev e ls  cou ld  o c c u r  in  su c h  fam ilie s . 
H u m phries e t  a l. (1987) h av e  show n a  s t r o n g  a sso c ia tio n  
b e tw ee n  c e r ta in  g e n o ty p e s  co d in g  fo r  th e  f ib r in o g e n  p ro te in  
a n d  p lasm a f ib r in o g e n  c o n c e n tra t io n s . T h e y  fo u n d  a 
g e n o ty p e  w ith  h ig h  f ib r in o g e n  lev e ls  an d  it  w ould b e  
w o rth w h ile  to  s tu d y  g e n o ty p e  d is tr ib u t io n s  in  p e r ip h e ra l  
a r te r ia l  d ise a se  p a t ie n ts  a n d  in  c o n tro ls .
In  th e  a c u te  p h a s e  re s p o n s e ,  th e  cy to k in e  in te r le u k in -6  is  
know n to  re g u la te  h e p a tic  s y n th e s is  of f ib r in o g e n . T h is  
th e s is  show ed  th a t  se ru m  in te r le u k in -6  lev e l w as 
s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d ise a se  com pared  to  c o n tro ls .  T h is  h as  n o t p re v io u s ly  b e e n  
r e p o r te d  a n d  is  in  k e e p in g  w ith  a n  in flam m ato ry  p ro c e s s  in  
p e r ip h e ra l  a r te r ia l  d ise a se  a s  s u g g e s te d  b y  S tu a r t  e t  a l.
(1981 ). T h is  is  c o n s is te n t  w ith  th e  in c re a s e d  w h ite  cell 
co u n t fo u n d  in  p e r ip h e ra l  a r te r ia l  d is e a s e , a n d  th e  
s ig n if ic a n t c o rre la tio n  of in te r le u k in -6  lev e l w ith  C -re a c tiv e  
p ro te in  (r= 0 .5 6  p < 0 .0 1 ) in  c h a p te r  4.
While th e re  w as n o t a  " s ig n if ic a n t” c o rre la tio n  b e tw ee n  
in te r le u k in -6  a n d  f ib r in o g e n  le v e l, th e  c o rre la tio n  
c o -e ff ic ie n t of 0 .29  in d ic a te s  a  t r e n d  to w a rd s  s ig n if ic a n c e  
(p = 0 .0 9 ) . T h e  r a is e d  in te r le u k in - 6, p o s s ib ly  re le a s e d  b y  
a c t iv a te d  m onocy tes a n d  o th e r  cells  in  a th e ro s c le ro tic  
p la q u e s  m ay in d u c e  th e  r a is e d  f ib r in o g e n  lev e l in  p e r ip h e ra l
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a r te r ia l  d is e a s e . I t  w ould b e  of in te r e s t  to  exam ine th e  
e f fe c ts  of in te r le u k in -6  a n ta g o n is ts  on f ib r in o g e n  le v e ls  in  
p e r ip h e ra l  a r te r ia l  d ise a se  (H ira ta  e t  a l. , 1989).
T h e  f ib r in o g e n  lev e l is  s ig n if ic a n tly  in c re a s e d  one d a y  a n d  
one w eek fo llow ing  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .  
H ow ever th is  w as p ro b a b ly  an  a c u te  p h a se  r e s p o n s e  b e c a u se  
th is  in c re a s e  w as n o t m a in ta in ed  w hen m e asu re d  a t 3-12 
m onths fo llow ing  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .
T h e  in c re a s e d  f ib r in o g e n  lev e l fo u n d  in  c h ro n ic  p e r ip h e ra l  
a r te r ia l  d ise a se  in  th e o ry  cou ld  r e s u l t  in  an  in c re a s e d  
te n d e n c y  to  th ro m b o s is , a n d  in c re a s e d  b lood v is c o s ity .  
F ib r in o g e n  lev e l c o r re la te d  s ig n if ic a n tly  w ith  c ro s s - l in k e d  
F D P 's  ( s u g g e s t in g  a n  in c re a s e d  te n d e n c y  to  form  f ib r in ) ,  
a n d  a lso  w ith  p lasm a v is c o s ity  (C h a p te r  3 ) ,  a n d  r e d  cell 
a g g re g a tio n  (C h a p te r  6 ) .  T h e  c lin ica l im p o rtan ce  of th e  
in c re a s e d  f ib r in o g e n  lev e l is  th a t  i t  is  know n to  p r e d ic t  fo r  
s u b s e q u e n t  d e te r io ra t io n  of sym ptom atic  p e r ip h e ra l  a r te r ia l  
d is e a s e  (D o rm an d y  e t  a l . ,  1973b; H am er e t  a l . ,  1973) a n d  is  
know n to  p r e d ic t  v a s c u la r  g r a f t  o cc lu sion  (H am er e t  a l . ,  
1973; H a rr is  e t  a l . ,  1978; Wiseman e t  a l . , 1989).
F ib r in o g e n  lev e l is  a lso  a  r i s k  fa c to r  fo r  ischaem ic h e a r t  
d is e a s e  (M eade, 1987a). T he  r e s u l t s  of th e  p r e s e n t  s tu d y  
s u g g e s t  th a t  f ib r in  fo rm atio n  a n d  r e d  cell a g g re g a tio n  a re  
tw o m echanism s b y  w h ich  in c re a s e d  f ib r in o g e n  lev e ls  m ay 
p rom ote  p r o g r e s s  of p e r ip h e ra l  a r te r ia l  d ise a se  a n d  
ischaem ic  h e a r t  d is e a se .
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C ross-linked F D P s
A new  m ethod of m easu rem en t of c ro s s - l in k e d  f ib r in  
d e g ra d a tio n  p ro d u c ts  w as u s e d  in  th is  th e s is  u s in g  a
sp ec if ic  m onoclonal a n tib o d y  a g a in s t  th e  D -d im er a n tig e n  of 
c ro s s - l in k e d  FDP s .  T h is  is  an  in d ic a to r  of in -v iv o  f ib r in  
fo rm atio n  a n d  ly s is ,  a n d  is  a  s e n s itiv e  a n d  sp ec if ic  a s s a y  
th a t  is  e a s y  to  p e rfo rm .
C ro s s - l in k e d  F D P 's  w ere  in c re a s e d  in  p a t ie n ts  w ith  
p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  c o n tro ls ,  i . e .  an
in c re a s e  in  f ib r in  fo rm atio n  a n d  ly s is  w as p r e s e n t  in  th e s e
p a t i e n t s .
T h e re  a re  s e v e ra l  p o ss ib le  re a s o n s  to  a c c o u n t fo r  th is
in c re a s e d  le v e l. C ro s s - l in k e d  FDP s c o r re la te d  s ig n if ic a n tly  
w ith  f ib r in o g e n  le v e l. O ne e x p la n a tio n  is  th a t  th e  in c re a s e d  
f ib r in o g e n  lev e l in  p e r ip h e ra l  a r te r ia l  d ise a se  p ro m o tes  
f ib r in  fo rm a tio n . A lte rn a tiv e ly , FDPs fo rm ed  m igh t in c re a s e  
h e p a tic  s y n th e s is  of f ib r in o g e n , c re a t in g  a v ic io u s  c irc le .
C ro s s - l in k e d  F D P 's  c o r re la te d  w ith  s e v e r i ty  of isch aem ia . 
T h e y  w ere  h ig h e r  in  p a t ie n ts  w ith  ischaem ic r e s t  p a in  th a n  
in te rm itte n t  c la u d ic a tio n , an d  also  w ere  in v e rs e ly  c o r re la te d  
w ith  th e  an k le  b ra c h ia l  p r e s s u r e  in d e x . T he  c o rre la tio n  
w ith  s e v e r i ty  of ischaem ia  m ay b e  d u e  to  in c re a s e d  f ib r in  
fo rm atio n  a n d  ly s is  on a th e ro s c le ro tic  p la q u e s , o r  in c re a s e d  
in t r a v a s c u la r  th ro m b o s is . C ro s s - l in k e d  FDP s w ere  h ig h e s t  
in  abdom inal a o r tic  a n e u ry s m , p ro b a b ly  d u e  to  d e g ra d a tio n  
of th e  a o r tic  th ro m b u s .
222
C ro s s - l in k e d  FDP s c o r re la te d  s tro n g ly  w ith  ag e  b u t  w ere  
n o t re la te d  to  sm ok ing  h a b i t .  In c re a s e d  FDP lev e ls  cou ld  
m ean th a t  th e r e  is  an  in c re a s e d  te n d e n c y  to  th ro m b o sis  in  
p e r ip h e ra l  a r te r ia l  d is e a s e . T h e re  is  co n tin u o u s  fo rm ation  
of c ro s s - l in k e d  f ib r in  a n d  co n tin u o u s  f ib r in o ly s is  w ith in  th e  
in tim a - b o th  p ro c e s s e s  g e n e ra tin g  fra g m e n ts  th a t  m ay b e  
a th e ro g e n ic  (S m ith  e t  a l . , 1990a).
T h e  p lasm a lev e l of c ro s s - l in k e d  F D P 's  s ig n if ic a n tly  
in c re a s e d  a t  one d a y  a n d  one w eek follow ing  r e c o n s tru c t iv e  
v a s c u la r  s u r g e r y .  T h is  in c re a s e  w as a lso  fo u n d  w hen  
m e a su re d  a t  3-12 m onths a f te r  s u r g e r y  a n d  w as n o t p r e s e n t  
in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se  who d id  no t h a v e  
s u r g e r y .  T h is  o b s e rv a tio n  in d ic a te s  o n g o in g  f ib r in  
fo rm ation  in  p a t ie n ts  fo llow ing r e c o n s tru c t iv e  v a s c u la r  
s u r g e r y  a n d  m e rits  f u r t h e r  in v e s t ig a t io n . I t  m ay b e  c a u se d  
b y  d e p o s itio n  of f ib r in  on th e  g r a f t  w all. L evels  of 
c ro s s - l in k e d  F D P 's  cou ld  th e re fo re  b e  a  p ro g n o s tic  m a rk e r  
fo r  s u b s e q u e n t  v a s c u la r  g r a f t  o cc lu sio n . H ow ever Wiseman 
e t  a l . (1989) s ta te d  th a t  c ro s s - l in k e d  FDPs show ed  no 
p re d ic t iv e  v a lu e  fo r  fem oro p o p litea l v e in  g r a f t  occ lu sio n  a t  
one y e a r .  F u r th e r  s tu d ie s  a re  r e q u ir e d .
T h e  im p o rtan ce  of f in d in g  e le v a te d  lev e ls  of c ro s s - l in k e d  
FDP s in  p e r ip h e ra l  a r te r ia l  d ise a se  is  th a t  th e y  a re  a  
m e asu re  of th e  s e v e r i ty  of isch aem ia , th e y  in d ic a te  a n  
in c re a s e d  te n d e n c y  to  th ro m b o s is , th e y  m ay b e  a th e ro g e n ic ,  
a n d  th e y  cou ld  b e  p o ss ib le  m a rk e rs  o f s u b s e q u e n t g r a f t  
o c c lu s io n .
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Red Cell A ggregation
R ed cell a g g re g a tio n  w as m e asu re d  b y  a  new  m eth o d , th e  
M yrenne p h o to m e tric  a g g re g o m e te r . T h is  is  a  r a p id  m ethod 
w hich  is  re p ro d u c ib le  a n d  v e r y  e a s y  to  u s e .
R ed cell a g g re g a tio n  w as s ig n if ic a n tly  in c re a s e d  in  p a t ie n ts  
w ith  p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  c o n tro ls . T h is  
h a s  n o t p re v io u s ly  b e e n  r e p o r te d  u s in g  th is  m ethod . I t is  
c o n s is te n t  w ith  p re v io u s  r e p o r ts  of in c re a s e d  low s h e a r  
b lood  v is c o s ity  in  p e r ip h e ra l  a r te r ia l  d ise a se  (D orm andy  e t 
a l. 1973a).
F ib r in o g e n  is  know n to  p rom ote  r e d  cell a g g re g a tio n . While 
no c le a r  c o rre la tio n  w as fo u n d  b e tw ee n  f ib r in o g e n  a n d  r e d  
cell a g g re g a tio n  in  C h a p te r  3 , a  s t r o n g  c o rre la tio n  w as 
p r e s e n t  in  C h a p te r  6. I t  is  lik e ly  th a t  th e  in c re a s e d  
f ib r in o g e n  lev e l in  p e r ip h e ra l  a r te r ia l  d ise a se  is  p a r t ly  
re s p o n s ib le  fo r  th e  in c re a s e d  r e d  cell a g g re g a tio n . R ed  cell 
a g g re g a tio n  c o r re la te d  in v e rs e ly  w ith  h aem a to c rit (a s  is  
k n o w n ) .
R ed  cell a g g re g a tio n  w as h ig h e r  in  ischaem ic r e s t  p a in  th a n  
in te rm it te n t  c lau d ica tio n  a n d  w as h ig h e s t  in  abdom inal a o r tic  
a n e u ry s m . T h e  re a s o n  fo r  th is  d id  n o t a p p e a r  to  b e  th e  
f ib r in o g e n  le v e l, w h ich  w as n o t h ig h e s t  in  a n e u ry sm  
p a t i e n t s .
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Follow ing r e c o n s tru c t iv e  v a s c u la r  s u r g e r y  re d  cell 
a g g re g a tio n  w as s ig n if ic a n tly  in c re a s e d  a t  one w eek b u t  th is  
in c re a s e  w as n o t fo u n d  a t  3-12 m o n th s . T he te m p o ra ry  
in c re a s e  in  r e d  cell a g g re g a tio n  w as p ro b a b ly  d u e  to  an  
a c u te  p h a se  r e s p o n s e  in  a g g re g a t in g  p ro te in s  fo llow ing 
s u r g e r y .
An u n e x p e c te d  f in d in g  w as th e  in c re a s e d  r e d  cell 
a g g re g a tio n  in  ex  o r  n o n -sm o k e rs  com pared  to  c u r r e n t  
sm o k ers  in  b o th  p a t ie n ts  a n d  c o n tro ls . T he  re a so n  fo r  th is  
is  n o t c le a r .
In c re a s e d  r e d  cell a g g re g a tio n  cou ld  b e  d e tr im e n ta l to  
p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a s e . In  isch aem ia , 
r e d u c e d  p e r fu s io n  p r e s s u r e  c re a te s  low s h e a r  co n d itio n s  
w h ich  a re  fa v o u ra b le  fo r  r e d  cell a g g re g a tio n  to  o c c u r .  
R ed cell a g g re g a te s  locally  in c re a s e  b lood  v is c o s ity  a n d  m ay 
o b s t r u c t  th e  m ic ro c irc u la tio n , f u r th e r  re d u c in g  b lood  flow 
a n d  w o rse n in g  th e  ischaem ic co n d itio n s  (Low e, 1987a; 
D itze l, 1959).
An im p o rta n t p ra c t ic a l  f in d in g  in  th is  s tu d y  w as th e  
s ig n if ic a n t in v e rs e  c o rre la tio n  b e tw een  re d  cell a g g re g a tio n  
a n d  h a e m a to c rit . I t  is  th e re fo re  s u g g e s te d  th a t  in  f u tu r e  
c lin ica l s tu d ie s ,  blood sam ples b e  a d ju s te d  to  a  s ta n d a rd  
h aem a to c rit p r io r  to  m e asu re m en t.
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Sm oking
C ig a re tte  sm ok ing  is  a  re c o g n ise d  a n d  im p o rta n t r is k  f a c to r  
fo r  p e r ip h e ra l  a r te r ia l  d is e a s e . T h e  a sso c ia tio n  of sm oking  
a n d  p e r ip h e ra l  a r te r ia l  d ise a se  w as con firm ed  in  th is  s tu d y .  
F ib r in o g e n  a n d  w h ite  cell c o u n t w ere  s ig n if ic a n tly  in c re a s e d  
in  c u r r e n t  sm o k ers  com pared  to  ex  o r  n o n -sm o k e rs  in  b o th  
p a t ie n ts  a n d  c o n t ro ls . White cell co u n t c o r re la te d  
s ig n if ic a n tly  w ith  carb o x y h aem o g lo b in  le v e ls . F ib rin o g e n  
a n d  w h ite  cell c o u n t cou ld  each  m ediate  some of th e  e f fe c ts  
o f sm ok ing  in  p e r ip h e ra l  a r te r ia l  d ise a se  b y  th e i r  in flu e n c e  
on th ro m b o sis  a n d  h aem o rh eo lo g y . While th e r e  w as no 
s ig n if ic a n t c o rre la tio n  b e tw ee n  f ib r in o g e n  a n d  
ca rb o x y h a em o g lo b in , th is  m igh t b e  e x p la in e d  b y  th e  fa c t 
th a t  f ib r in o g e n  le v e ls  ta k e  s e v e ra l y e a rs  to  d e c re a se  to  
n o n -sm o k e r  le v e ls  a f te r  s to p p in g  sm oking  w h e re a s  
ca rb o x y h a em o g lo b in  ta k e s  o n ly  d a y s  (L ee e t  a l . , 1990).
R ed  cell a g g re g a tio n  w as h ig h e r  in  ex  o r  n o n -sm o k e rs  
com pared  to  c u r r e n t  sm o k ers  in  b o th  p a t ie n ts  a n d  c o n tro ls .  
T he  re a so n  fo r  th is  u n e x p e c te d  e f fe c t of sm oking  is  u n c le a r  
a n d  w as n o t r e la te d  to  a  ch a n g e  in  h a e m a to c rit.
C ro s s - l in k e d  f ib r in  d e g ra d a tio n  p ro d u c ts  w ere  n o t a l te r e d  
b y  sm o k in g .
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Severity  of Ischaemia and Abdominal Aortic Aneurysm
P a tie n ts  w ere  g ro u p e d  a c c o rd in g  to  s e v e r i ty  of ischaem ia 
a n d  ty p e  of d is e a s e , i . e .  in te rm itte n t  c la u d ic a tio n , ischaem ic 
r e s t  p a in  o r  abdom inal a o r tic  a n e u ry sm . C ro s s - l in k e d  f ib r in  
d e g ra d a tio n  p ro d u c ts  a n d  r e d  cell a g g re g a tio n  w ere  h ig h e s t  
in  p a t ie n ts  w ith  abdom inal a o r tic  a n e u ry sm  com pared  to  
ischaem ic r e s t  p a in  o r  in te rm itte n t  c la u d ica tio n  u s in g  
a n a ly s is  of v a r ia n c e . C ro s s - l in k e d  FDP s c o r re la te d  
in v e rs e ly  w ith  th e  a n k le  b ra c h ia l  p r e s s u r e  in d e x , b e in g  
h ig h e r  in  ischaem ic r e s t  p a in  th a n  in te rm itte n t  c la u d ic a tio n . 
T h is  h a s  a l re a d y  b e e n  d is c u s s e d .
W hite cell c o u n t w as h ig h e s t  in  ischaem ic r e s t  p a in  com pared  
to  in te rm it te n t  c la u d ic a tio n  o r  abdom inal a o r tic  a n e u ry sm  
u s in g  a n a ly s is  of v a r ia n c e . (P a tie n ts  w ith  g a n g re n e ,  t i s s u e  
n e c ro s is  o r  in fe c tio n  w ere  e x c lu d e d  from  s t u d y ) . T he  w h ite  
cell c o u n t w as r e la te d  to  th e  s e v e r i ty  of isch aem ia , a n d  it  
c o r re la te d  in v e rs e ly  w ith  th e  an k le  b ra c h ia l  p r e s s u r e  in d e x . 
A ra is e d  w h ite  cell c o u n t cou ld  te n d  to  p rom ote  ischaem ia 
th ro u g h  i t s  rh eo lo g ic a l e f fe c ts  on th e  m ic ro c irc u la tio n . In  
low er limb ischaem ia  w h ite  cells  becom e a c t iv a te d ;  in  
in te rm it te n t  c lau d ica tio n  w h ite  cells becom e a c t iv a te d  w ith  
e x e rc is e  b u t  n o t a t  r e s t  (H ick ey  e t  a l . ,  1990). A c tiv a te d  
w h ite  ce lls  m ay p rom ote  t i s s u e  a n d  e n d o th e lia l dam age.
T he  a n k le  b ra c h ia l  p r e s s u r e  in d e x  c o r re la te d  in v e rs e ly  w ith  
c ro s s - l in k e d  F D P 's ,  w h ite  cell c o u n t, ag e  a n d  p la te le t  
c o u n t.
227
P a tie n ts  w ith  abdom inal a o r tic  an e u ry sm  h ad  in c re a s e d  r e d  
cell a g g re g a tio n  a n d  c ro s s - l in k e d  F D P s, a n d  d e c re a se d  
h aem a to c rit a n d  HDL c h o le s te ro l,  com pared  to  p a t ie n ts  w ith  
o cc lu siv e  d is e a s e . T h is  is  in  k e e p in g  w ith  th e  view  th a t  
abdom inal a o r tic  a n e u ry sm  is a d if f e re n t  e n t i ty  from  
o cc lu siv e  d ise a se  a n d  m ay h av e  a  d if fe re n t  ae tio lo g y  (R eid  
e t  a l . , 1990).
R econstructive Vascular Surgery
F ib r in o g e n , c ro s s - l in k e d  FDP s ,  a n d  w h ite  cell c o u n t w ere  
s ig n if ic a n tly  in c re a s e d  one d a y  a n d  one w eek fo llow ing  
re c o n s tru c t iv e  v a s c u la r  s u r g e r y .  R ed cell a g g re g a tio n  w as 
s ig n if ic a n tly  in c re a s e d  one w eek fo llow ing  r e c o n s tru c t iv e  
v a s c u la r  s u r g e r y .  T h e  in c re a s e  in  f ib r in o g e n , w h ite  cell 
c o u n t a n d  r e d  cell a g g re g a tio n  a re  p ro b a b ly  d u e  to  an  a c u te  
p h a s e  r e s p o n s e  s in c e  th e y  w ere  n o t in c re a s e d  a t  3-12 
m o n th s .
A n in te r e s t in g  f in d in g  w as th a t  th e  w h ite  cell co u n t a lso  
s ig n if ic a n tly  in c re a s e d  one h o u r  a f te r  re le a se  of th e  a o r tic  
clam p. A o rtic  c ro s s -c la m p in g  p ro d u c e s  a p e r io d  of s e v e re  
low er limb isch aem ia . Low er limb ischaem ia is  know n to  
a c t iv a te  w h ite  c e lls . A lso , w h ite  cell c o u n t w as h ig h e s t  in  
p a t ie n ts  w ith  ischaem ic  r e s t  p a in  in  th is  s tu d y  (C h a p te r  3 ) .
O n ly  c ro s s - l in k e d  F D P 's  w ere  s til l  s ig n if ic a n tly  in c re a s e d  
w hen  m e a su re d  in  p a t ie n ts  a t  3-12 m onths fo llow ing  
r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .  T h is  in d ic a te s  o n g o in g  
f ib r in  fo rm atio n  fo llow ing  r e c o n s tru c t iv e  v a s c u la r  s u r g e r y .
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T h e  im p o rtan ce  of th is  is  th a t  it  m ay b e  c a u se d  b y  
d ep o s itio n  of f ib r in  on th e  g r a f t  s u r fa c e  a n d  th a t  lev e ls  of 
c ro s s - l in k e d  FDP s cou ld  b e  p ro g n o s tic  m a rk e rs  fo r  
v a s c u la r  g r a f t  o cc lu sio n .
F ib r in o g e n  is  r a p id ly  a n d  p r e f e r e n t ia l ly  a d s o rb e d  on to  an  
a r ti f ic ia l  s u r f a c e .  When b lood  comes in to  c o n ta c t w ith  a 
fo re ig n  s u r f a c e ,  a c tiv a tio n  of f a c to r  X II in i t ia te s  th e  
in t r in s ic  sy s te m  o f co ag u la tio n  . A c tiv a te d  f a c to r  XII h a s  
b e e n  m e a su re d  in  th is  th e s is  b y  a  new  a s s a y  (C h a p te r  5 ) . 
L eve ls  of a c tiv a te d  fa c to r  XII w ere  n o t in c re a s e d  in  p a t ie n ts  
w ith  p e r ip h e ra l  a r te r ia l  d ise a se  com pared  to  c o n tro ls . T h is  
s u g g e s ts  th a t  a th e ro s c le ro s is  does n o t a c t a s  a fo re ig n  
s u r fa c e  a c t iv a t in g  th e  in t r in s ic  sy s tem  o f b lood  co a g u la tio n . 
T h is  h o w ev e r m ay n o t a p p ly  w h ere  u lc e ra tio n  o c c u rs  on th e  
a th e ro s c le ro tic  p la q u e . A c tiv a te d  fa c to r  XII d id  n o t 
c o r re la te  w ith  f ib r in o g e n  le v e l.
R e c o n s tru c tiv e  v a s c u la r  s u r g e r y  in tro d u c e s  an  a r tif ic ia l  
s u r fa c e  w h ich  r e s u l te d  in  s ig n if ic a n t a c tiv a tio n  of fa c to r  XII 
in  th is  s tu d y .  H ow ever th e s e  le v e ls  of a c t iv a te d  fa c to r  XII 
w ere  o n ly  te m p o ra r ily  in c re a s e d ,  r e tu r n in g  to  b a se lin e  
le v e ls  w hen  m e asu re d  a t  one d a y  a n d  one w eek a f te r  
s u r g e r y .  I t  is  p ro b a b le  th a t  th e  g r a f t  s u r fa c e  is  ra p id ly  
co a ted  w ith  a  " c o n d itio n in g  la y e r"  a n d  no lo n g e r  a c ts  a s  a 
fo re ig n  s u r f a c e .
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Antithrombotic Therapy
H av in g  e s ta b l is h e d  th a t  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  
d ise a se  h av e  a  h y p e rc o a g u la b le  s ta te  a n d  ab no rm al b lood 
rh e o lo g y  th e  n e x t  aim of th is  th e s is  w as to  d e te rm in e  if  
e i th e r  m inidose w a rfa r in  (1 mg d a ily ) o r  lo w -dose  a s p ir in  
(75 mg d a ily ) s ig n if ic a n tly  a l te re d  th is  in  a  p laceb o  
c o n tro lle d , ran d o m ised  t r i a l .
M inidose w a rfa r in  a n d  low -dose  a s p ir in  d id  n o t s ig n if ic a n tly  
a l te r  th e  h y p e rc o a g u la b le  s ta te  o r  abno rm al h aem orheo logy  
in  p a t ie n ts  w ith  in te rm itte n t  c la u d ic a tio n .
W arfarin  p ro lo n g e d  th e  p ro th ro m b in  tim e com pared  to  a s p ir in  
o r  p la c e b o . H ow ever th e  p ro th ro m b in  time rem ain ed  w ith in  
th e  norm al r a n g e .
T h e  w h ite  cell c o u n t w as in c re a s e d  in  th e  a s p ir in  tre a tm e n t 
g ro u p .  H ow ever th is  e f fe c t m ay b e  ch an c e  v a r ia tio n  s in ce  
th e  w h ite  cell c o u n t in  th e  p laceb o  tre a tm e n t g ro u p  w as 
re d u c e d  b y  th e  sam e am o u n t. A lso th e  w h ite  cell co u n t is  
know n to  b e  la b ile .
T h is  s tu d y  con firm ed  th a t  m in idose w a rfa r in  a n d  low -dose  
a s p ir in  h a d  minimal s id e  e f fe c ts .
F ive a d v e r s e  e v e n ts  o c c u r re d  d u r in g  th e  t r i a l .  T h e se  cou ld  
b e  e x p e c te d  from  a s tu d y  of 100 c la u d ic a n ts  follow ed u p  fo r  
a  fo u r  m on th  p e r io d . All a d v e r s e  e v e n ts  o b s e rv e d  w ere  in  
th e  w a rfa r in  tre a tm e n t g ro u p  a n d  w ere  th ro m b o tic  e v e n ts .
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L ow -dose a s p ir in  o r  m inidose w a rfa r in  d id  n o t s ig n if ic a n tly  
a l te r  f ib r in o g e n ,  c ro s s - l in k e d  FDP s ,  r e d  cell a g g re g a tio n  
o r  th e  o th e r  b lood  v a r ia b le s  of co ag u la tio n  o r  b lood  
rh e o lo g y  s tu d ie d .  I t  th e re fo re  a p p e a rs  th a t  n e i th e r  
a c tiv a tio n  of b lood  p la te le ts  n o r  co ag u la tio n  a c t iv i ty  p la y  a 
ro le  in  c a u s in g  th e  ab n o rm a litie s  in  h aem orheo logy  a n d  
co ag u la tio n  in  p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d is e a se .
A sp ir in  a n d  w a rfa r in  m igh t s til l  h av e  b e n e f i t  in  p a t ie n ts  
w ith  m ore s e v e re  ischaem ia  th a n  in te rm itte n t  c la u d ica tio n  
w h ere  th e r e  is  re d u c e d  b lood flow  a n d  w h e re  s ta g n a tio n  
th ro m b o sis  can  o c c u r .  A sp ir in  g iv e n  o v e r  a  m ore p ro lo n g e d  
p e r io d  o r  a  h ig h e r  dose  of w a rfa r in  could  h av e  c lin ica l 
b e n e f i t  in  p r e v e n t in g  th ro m b o tic  e v e n ts  in  p a t ie n ts  w ith  
s e v e re  p e r ip h e ra l  a r te r ia l  d ise a se  (ischaem ic  r e s t  p a in  an d  
g a n g r e n e ) .  T h is  t r ia l  does n o t e x c lu d e  p a t ie n t  b e n e f i t  from  
lo n g - te rm  p re v e n t io n  of th ro m b o tic  e v e n ts .
T h e  fa ilu re  of a s p ir in  a n d  w a rfa r in  to  a l te r  m any of th e  
b lood  a b n o rm a litie s  s tu d ie d  in  th is  th e s is  s u g g e s ts  th a t  
o th e r  th e ra p ie s  w h ich  m ay re d u c e  th e se  a b n o rm a litie s  sh o u ld  
b e  c o n s id e re d .
T h is  th e s is  con firm ed  th e  ra is e d  p lasm a a n d  w hole b lood  
v is c o s ity ,  w h ite  cell c o u n t, t r ig ly c e r id e ,  a n d  a lso  th e  
d e c re a se d  HDL c h o le s te ro l lev e ls  p re v io u s ly  r e p o r te d  in  
p e r ip h e ra l  a r te r ia l  d is e a s e . I t  con firm ed  th e  ra is e d  
h a e m a to c rit p re v io u s ly  r e p o r te d  in  p a t ie n ts  w ith  in te rm itte n t
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c lau d ica tio n  a n d  ischaem ic  r e s t  p a in . T o ta l c h o le s te ro l w as 
n o t s ig n if ic a n tly  in c re a s e d  in  p e r ip h e ra l  a r te r ia l  d ise a se  
com pared  to  c o n tro ls  in  th is  s tu d y .
Other Blood Factors
T h e  e le v a te d  le v e ls  of PA I, von  W illebrand  f a c to r  an d  fa c to r  
VII (sh o w n  in  C h a p te r  6) in tro d u c e  th r e e  new  p o ss ib le  
th ro m b o tic  r is k  f a c to rs  in  p e r ip h e ra l  a r te r ia l  d is e a se . T he 
e le v a te d  lev e l of PAI m ay in h ib it  f ib r in o ly s is  in  v iv o , 
c r e a t in g  a n  im balance of h aem o sta s is . PAI c o r re la te d  
in v e rs e ly  w ith  c ro s s - l in k e d  FDP s .  I t  is  th e re fo re  p o ss ib le  
th a t  d e s p ite  e le v a te d  FDP le v e ls , p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d ise a se  h a v e  g r e a te r  f ib r in  d e p o s itio n  in  v ivo  d u e  
to  h ig h  PAI le v e ls . PAI a lso  c o r re la te d  in v e rs e ly  w ith  a g e , 
s u g g e s t in g  th a t  th e  h ig h e s t  PAI le v e ls  o c c u r re d  in  p a t ie n ts  
w ith  p re m a tu re  p e r ip h e ra l  a r te r ia l  d is e a se .
T h e  e le v a te d  le v e l of von  W illebrand F a c to r  m ay b e  
a s s o c ia te d  w ith  en d o th e lia l cell dam age in  a th e ro s c le ro s is ,  
b e c a u se  von  W illebrand  F a c to r  is  re le a se d  from  en d o th e lia l 
c e lls . I t  is  a lso  p o ss ib le  th a t  a re a s  of h ig h  s h e a r  a t  s i te s  
of a r te r ia l  s te n o s e s  a c c o u n t fo r  th e  e le v a te d  lev e l of von  
W illebrand  f a c to r .  Von W illebrand  fa c to r  is  e s s e n tia l  fo r  
p la te le t  a d h e s io n  a n d  a g g re g a tio n  a t  s ite s  of en d o th e lia l cell 
d a m a g e .
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The- v.U*v.ited lev e l of f a c to r  VII m ay be  a n o th e r  p a r t  of th e  
h y p e rc o a g u la b le  s ta te  fo u n d  in  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d is e a s e .
P ro sp e c tiv e  s tu d ie s  of all th e se  fa c to rs  a re  r e q u ir e d  to  
a s s e s s  th e i r  p re d ic t iv e  v a lu e  in  p e r ip h e ra l  a r te r ia l  d is e a se .
A b e t t e r  m edical m anagem ent fo r  p a t ie n ts  w ith  p e r ip h e ra l  
a r te r ia l  d ise a se  cou ld  b e  a c h ie v e d  b y  r e d u c in g  p lasm a 
f ib r in o g e n  le v e l. S to p p in g  c ig a re t te  sm oking  h a s  b e e n  th e  
m ost e f fe c tiv e  c lin ica l m ethod of re d u c in g  f ib r in o g e n ; 
u n fo r tu n a te ly  m ost p a t ie n ts  w ith  p e r ip h e ra l  a r te r ia l  d ise a se  
do n o t re a d i ly  s to p  sm ok ing . R e c e n tly  a  new  f is h  oil 
c o n c e n tra te  ESKIM O-3 h a s  b e e n  r e p o r te d  to  d e c re a se  p lasm a 
f ib r in o g e n  le v e ls  in  s u b je c ts  b y  23% o v e r  a s ix  m onth  p e r io d  
(H ag lu n d  e t  a l . , 1990). ESKIMO-3 a lso  low ered  tr ig ly c e r id e  
lev e l b y  64% a n d  to ta l  c h o le s te ro l b y  8%. T h e re  w as a lso  an  
in c re a s e  in  HDL c h o le s te ro l.  T re a tm e n t w ith  ESKIMO-3 w as 
d e p e n d e n t of b o th  do se  a n d  d u ra tio n ,  a n d  h ad  no a d v e r s e  
e f fe c ts  (H a g lu n d  e t  a l . , 1990). T h is  is  a  p ro m is in g  s tu d y  
a n d  m ay p o in t to  f u tu r e  s tu d ie s .
T h e  p ro b a b le  e f fe c ts  of f ib r in o g e n  on th ro m b o g e n e s is  
th ro u g h  f ib r in  fo rm a tio n , v is c o s ity  a n d  a th e ro sc le ro s is  p o in t 
to  th e  m u ltip o te n tia l n a tu re  of f ib r in o g e n , a n d  th e  n e e d  to  
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